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 This Appendix to the 1976 Annual Report on Great Lakes Water Quality
is the Annual Report of the Surveillance Subcommittee to the Implementation
Committee of the Great Lakes Water Quality Board. The Appendix contains
1976 information and data pertaining to the water quality of the Great
Lakes and connecting channels. This volume also includes a summary of
planned 1977 Great Lakes surveillance activities along with strategy com-
prising the nine year (l978—86) Great Lakes International Surveillance
Plan.
Prior appendices presented the analyses of that particular year's
water quality information at two levels of intensity. The first level was
a general water quality assessment identifying problem areas and providing
nutrient loadings. The second level gave a detailed assessment of long
term water quality trends in one or more of the Great Lakes. Except for the
detailed assessment, this year's report is an update of the 1975 Appendix
B.
The scope and effort of the 1976—77 Subcommittee included preparing a
detailed long—term surveillance monitoring plan for lakes Erie and Ontario,
performing an analysis of 1976 water quality information and implementing
the international data quality assurance program.
The Great Lakes Water Quality Board has reviewed and approved the
Subcommittee's report for publication. However, some of the conclusions
may not be necessarily supported by the Board in its 1976 Annual Report
to the International Joint Commission.
Mention of trade names or names of commercial organizations in this
report does not constitute endorsement by the International Joint Commission
or other governmental agencies.
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Erie), Portage River (Lake Erie) and Vermillion River (Lake Erie) were
included on last year's list because of upstream tributary violations.
The reporting agencies in 1976 decided to delete these areas because of
the lack of a sampling program in the boundary waters and the jurisdiction's
opinion that the minor Violations located upstream would not have an
impact to the respective lake or connecting channel.
The last set of deletions are those "nearshore areas" that relate
to whole lake problems rather than local problems. These include the
Amherst Island area and North Shore Lake Ontario where the problems
cited reflect the whole lake condition for Lake Ontario.
 
In addition to the above deletions, the Bay of guinte has been
expanded to include Adolphus Reach since the dissolved oxygen problems
extended into that area. Also, the Upper Niagara River area will include
the Tonawanda Channel. Further, a discussion on the PCB problems in
Waukegan Harbor is included as a new problem area on Lake Michigan.
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nded
solid
s(A)
(Ag
ree
men
t -
Ann
ex
1 -
Sect
.
2 (d))
Mich
igan
(M
DN
R)
The
pro
ble
m i
s b
iol
ogi
cal
deg
rad
ati
on
due
to
org
ani
c e
nri
chm
ent
bas
ed
on
rep
ort
ed
197
5 d
ata
,
The
re
was
no
sam
pli
ng
don
e
during
1976.
19
75
 
Sa
gi
na
w
Bay
(A)
Nui
san
ce
alg
ae
gro
wth
(en
ric
hme
nt)
(Ag
ree
men
t -
Art
icl
e I
I —
Secti
on 3)
.
U
.
S
.
E
P
A
LL
RS
(G
ro
ss
e
Il
e)
Max
imu
m v
alu
es
for
chl
ori
de,
chl
oro
phy
ll
a,
tot
al
pho
sph
oru
s a
nd
tot
al
kje
lda
hl
nit
rog
en
of
13.
85
mg/
l,
17.
1 m
g/l
,
.04
mg
/l
an
d
.48
mg
/l
re
sp
ec
ti
ve
ly
in
di
ca
te
a s
ign
ifi
can
t
inc
rea
se
ove
r
pre
vio
us
yea
rs.
1976
Fec
al
col
ifo
rm(
B)
(A
gr
ee
me
nt
ob
je
ct
iv
e
-
ge
om
et
ri
c
me
an
of
no
t
le
ss
th
an
5
sa
mp
le
s
tak
en
not
mor
e t
han
a 3
0 d
ay
per
iod
sho
uld
not
exc
eed
200
/
100 m1)
Mich
igan
(M
DN
R)
19
out
of
23
sam
ple
s e
xce
ede
d t
he
obj
ect
ive
on
the
Sag
ina
w R
ive
r.
2 o
ut
of
35
sam
ple
s
exc
eed
ed
the
obj
ect
ive
on
all
oth
er
riv
ers
flo
win
g i
nto
the
Bay.
1976
Tot
al
dis
sol
ved
sol
ids
(B)
(A
gr
ee
me
nt
ob
je
ct
iv
e
—
no
t
to
ex
ce
ed
pr
es
en
t
le
ve
ls
)
(20
0
mg
/l
A
Michigan
(MD
NR)
On
Sag
ina
w R
ive
r 4
of
23
sam
ple
s e
xce
ede
d
200
mg/l
.
On o
ther
rive
rs f
lowi
ng i
nto
the
Bay
4 o
f 3
5 s
amp
les
exc
eed
ed
200
mg/
l.
1976
 
Tot
al
iro
n(B
)
(A
gr
ee
me
nt
ob
je
ct
iv
e
-
no
t
to
ex
ce
ed
0.
3
mg
/l
)
 
Mich
igan
(MD
NR)
 
The
2 s
amp
les
tak
en
exc
eed
ed
the
obj
ect
ive
.
 
1976
A)
Sam
ple
d i
n b
oun
dar
y w
ate
rs
{ B)
Sampl
ed i
n tr
ibuta
ry t
o bou
ndary
water
s
 
1
3
\
D)
Danny
LCU L
l]. L
ul
ub
uu
ha
nj |.\.l UvutluaLJ WGI—CLD
 
TABL
E 1:
4
PROBLEM AREAS
-LA
KE
HUR
ON
(con
t'd)
NO.
PRO
BLE
M
AR
EA
OBJECT
IVE 0R
STAN
DARD
VIOL
ATED
DATA
SOURCE
REM
ARK
S A
ND/
OR
REF
ERE
NCE
LAST YEAR
DATA
REPORTED
Har
bor
B
e
a
c
h
.
B
a
y
Sus
pen
ded
sol
ids
(A)
(Ag
ree
men
t -
Ann
ex
1 —
Sect
.
2 (d))
Mich
igan
(MD
NR)
The
re
was
no
sam
pli
ng
dur
ing
197
6.
The
pro
ble
m i
s c
aus
ed
by
pre
vio
us
dis
—
char
ge.
The
situ
atio
n co
uld
stil
lbe
impr
oved
by u
pgra
ding
the
muni
cipa
l
waste
water
treat
ment
plant
.
1975
Co
ll
in
gw
oo
d
Har
bou
r
Nuis
ance
alga
e gr
owth
(A)
(Agr
eeme
nt —
Arti
cle
II -
Sect
.
3)
Ont
ari
o
(MOE)
Sam
ple
s f
or
chl
oro
phy
ll
g,
ran
ged
fro
m
1.5
to 1
2 ug
/l.
Diss
olve
d ph
osph
orus
level
s co
nsist
ently
avera
ged g
reate
r th
an
.01 m
g/l w
ithin
the h
arbou
r.
1976
Spa
nis
h
River
Phenol(A)
(Agre
ement
objec
tive
-
sub
sta
nti
all
y a
bse
nt)
Ont
ari
o
(MOE)
This
prob
lem
area
was
not
samp
led
duri
ng
1976.
Refer
to th
e 197
5 App
endix
B
for further detail.
1975
Ser
pen
t
Har
bou
r
226Ra(A)
(MO
E —
3.0
pCi
/l
cri
ter
ia
for
pub
lic
wat
er
sup
ply
)
Ont
ari
o
(MOE)
Data f
or the
river
mouth
indica
te 226
Ra
levels gr
eater tha
n the cri
teria lev
el.
These
level
s ha
ve b
een d
ecrea
sing
signi
fi—
cantly si
nce 1966.
1976
 
St
.
Ma
ry
s
Riv
er
 
Ph
en
ol
(A
)
(Ag
ree
men
t o
bje
cti
ve
—
subst
antia
lly a
bsent
)
Ont
ari
o
(MOE)
 
 
Level
s of
pheno
l dur
ing
1976
range
d fr
om
10 ug/
l to 3
0 ug/l
downst
ream f
rom th
e
Algoma
Steel
discha
rges.
1976
A)
B)
 
Sampled in bOundary waters
Sampled in tributary to boundary waters
  
 
 TA
BL
E
PR
OB
LE
M
AR
EA
S
1:
4-
LA
KE
HU
RO
N
(con
t'd)
PROBLEM
AREA
OB
JE
CT
IV
E
OR
NO.
STA
NDA
RD
VIO
LAT
ED
DA
TA
SOU
RCE
RE
MA
RK
S
AN
D/
OR
RE
FE
RE
NC
E
LA
ST
YE
AR
D
A
T
A
RE
PO
RT
ED
T
o
t
a
l
c
o
l
i
f
o
r
m
(
A
)
(A
gr
ee
me
nt
o
b
j
e
c
t
i
ve
—
ge
om
et
ri
c
me
an
of
no
t
le
ss
th
an
5
sa
mp
le
s
ov
er
a
30
da
y
pe
ri
od
sh
ou
ld
no
t
ex
ce
ed
10
00
/1
00
ml
)
St
.
M
a
r
y
s
Riv
er
(con
t'd)
O
n
t
a
r
i
o
(M
OE
)
Le
ve
ls
al
on
g
th
e
Ci
ty
of
Sa
ul
t
St
.
Ma
ri
e
On
ta
ri
o
wa
te
rf
ro
nt
,
sl
ig
ht
ly
ex
ce
ed
ed
th
e
ob
je
ct
iv
e
fo
r
a
di
st
an
ce
of
3
km
.
19
76
1
4
   
 
 
A)
Sampl
ed i
n bou
ndar
y wat
ers
\ B
) S
ampl
ed i
n tr
ibut
ary
to b
ound
ary
wate
rs
 
 
 
 
 PROBLE
M AREA
S
TAB
LE
1:5
-LA
KE
ERI
E
LAST
YEAR
PRO
BLE
M
OBJ
ECT
IVE
OR
DAT
A
DAT
A
1
Upper
St.
Fish
taint
ing(A
)
Ontar
io
Incid
ent o
f fi
sh ta
intin
g hav
e bee
n
1976
Clair
River
(Agre
ement
objec
tive
—
(MOE)
repor
ted b
y sp
orts f
isher
men d
uring
1976.
sub
sta
nti
all
y a
bse
nt)
2
Pine
River
Fecal
colif
orm(B
)
Michi
gan
All
12 sa
mples
taken
durin
g 197
6 exc
eeded
1976
(Agr
eeme
nt o
bjec
tive
- ge
omet
ric
(MDN
R)
the
obje
ctiv
e.
The
medi
an v
alue
was
mean o
f not
less t
han 5
sample
s
1,160/
100 ml
.
taken
not m
ore
than
over
a 30
day
per
iod
sho
uld
not
exc
eed
200
/10
0 m
l)
Pheno
l(B)
Michi
gan
Pheno
l was
detec
ted
on th
e onl
y sam
ple
1976
(Ag
ree
men
t o
bje
cti
ve
—
(MDN
R)
tak
en
dur
ing
1976
.
sub
sta
nti
all
y a
bse
nt)
Total
iron(B
)
Michig
an
A conc
entrat
ion of
.42 mg
/l was
detect
ed
1976
(Agre
ement
objec
tive
- not
to
(MDNR
)
from
the o
nly s
ample
taken
durin
g 197
6.
exce
ed 0
.3 m
g/l)
3
Clint
on
Fecal
colif
orm<B
>
Michi
gan
All 1
2 sam
ples
taken
durin
g 197
6 exc
eeded
1976
River
(Agre
ement
objec
tive
— geo
metri
c
(MDNR
)
200/1
00 ml
. T
he me
dian
value
was
mean
of no
t les
s tha
n 5 s
ample
s
1‘180
/100
ml.
taken
at no
t mor
e tha
n ove
r a
30
day pe
riod s
hould
not ex
ceed
200
/10
0 m
l)
     
A) Sampled in bo
undary waters
B) Sampled in tributary to boundary waters
   
 1
6
PROBLEM AREAS
TABLE 1:5-LAKE E
RIE (cont'd)
NO
.
PROBLEM
AR
EA
OB
JE
CT
IV
E
OR
ST
AN
DA
RD
VI
OL
AT
ED
DATA
SOURCE
REMARKS
AND/OR R
EFERENCE
LAST YEAR
DATA
REPO
RTED
Clinton
River
(cont'd)
Phenol(B)
(Agreement objective -
subst
antia
lly a
bsent
)
Michigan
(MD
NR)
The only sample taken during 1976 showed
a detectable amount.
19
76
Total iron(B)
(Agreement object
ive - not to
exceed
0.3 mg
/l)
Michigan
(MDNR)
The only sample taken detected 1.2 mg/l
of total iron.
1976
Tha
mes
River
Tptal dis
solved so
lids(A)
(Agree
ment o
bjecti
ve - n
ot les
s
than 200 mg/ 1)
Ont
ari
o
(MOE)
The problem area was not sampled during
1976. Refer to the 1975 Appendix B
for discussion and assessment.
1975
 
Detroit
River
Fecal coliform(A)
(Agreement object
ive — geometric
mean o
f not
less t
han 5
sample
s
taken ove
r a 30 da
y period
should
not ex
ceed 2
00/100
ml)
Michigan
(MDNR)
102 of 322 samples exceeded the objective. 1976
 
Phenol(A)
(Agre
ement
objec
tive
—
substanti
ally abse
nt)
 
Michigan
(MDNR)
 
233 out of 250 samples exceeded 10.5 ug/l.
 
1976
A) Sampled in bo
undary waters
L B) Sampled in tributary to boundary waters
I l'
  
 l
7
 
PROBLEM AREAS
TABLE 1:5
-LAKE ERIE (cont'd)
NO.
PROBLEM
AREA
OBJECTIVE 0R
STANDARD VIOLATED
DATA
SOURCE
REMARKS
AND/OR
REFERENCE
LAST
YEAR
DATA
REPORTED
Detroit
River
(cont'd)
Total iron(A)
(Agreement objective — not to
exceed 0.3 mg/l)
Michigan
(MDNR)
266
out
of
322
samples
exceeded
the
objective.
1976
Total dissolved solids(A)
(Agreement objective - not to
exceed 200 mg/l)
Michigan
(MDNR)
3 out of
322
samples
exceeded
the
objective.
1976
Toledo Nuisance algae growth(B)
(Agreement — Article II —
Section 3)
Ohio
(OEPA)
Fecal col
iform(B)
(OERA - 400/100 ml in no more
than 10 percent of samples
during a 30 day period)
Ohio
(OEPA)
Dissolved oxygen(B)
(OEPA - Daily average of 5.0
mg/l and 4.0 mg/l any time)
Ohio
(OEPA)
The
problem area
was not
sampled
during
Refer to the 1975 Appendix
B
1976.
for further detail.
1975
 
Sandusky
River
 
Nuisance algae growth(B)
(Agreement — Article II -
Section
3)
 
Ohio.
(OEPA)
 
The
problem
area was
not
sampled
during
Refer to the 1975 Appendix
B
for
1976.
further
detail.
 
1975
 
A)
3)
Sampled
in
boundary
waters
Sampled
in
tributary
to
bOundary
waters
 
 1
8
TABLE 1:5
PROBLEM
AREAS
-LAKE ERIE (cont'd)
NO.
PROBLEM
AR
EA
OBJECTIVE 0R
STANDARD VIOLATED
DA
TA
SOURCE
REMARKS AND/OR REFERENCE
LAST
YEAR
DATA
REPORTED
Sandusky
River
(con
t'd)
Fecal coliform(B)
(OEPA — 400/100 ml in no more
than 10 percent of samples
during a 30 day period)
Ohio
(OEPA)
 
Dissolved oxygen(B)
(OEPA - daily average of 5.0
mg/l and 4.0 mg/l any time)
Oh
io
(OEPA)
The problem area was not sampled during
1976. Refer to the 1975 Appendix B
for
further
detail.
1975
Huron
River
Har
bor
 
Dissolved oxygen(A&B)
(OEPA — daily average of 5.0
mg/l and 4.0 mg/l — any time)
U.S.
EPA
Region V
(Eastern
District)
85 out of 126 samples were less than 6
mg/l and 31 out of 126 samples were less
than 4 mg/l. The 8 sample average was
5.2 mg/l with a range of 1.9 to 8.2 mg/l.
1976
Total Iron(A&B)
(OEPA — 0.3 mg/l)
U.S.
EPA
Region V
(Eastern
District)
169 out of 224 samples were violations.
The 224 sample average was .925 mg/l with
a range of .138 to 4.31 mg/l.
1976
Total phosphorus(A&B)
(OEPA nearshore — 0.025 mg/i)
(OEPA offshore — 0.015 mg/l)
 
U.S.
EPA
Region V
(Eastern
District)
 
184 out of 192 nearshore samples were
above .025 Fg/l during the April to
November period. All 32 offshore samples
were above 0.015 mg/l with an average of
0.066 mg/l and a range of .02 to .24 mg/l.
 
1976
 
A)
Sampled
in boundary waters
k
B)
Sampled
in
tributary
to
boundary
waters
   
 PROBLEM
AREAS
TABLE
1
s-LAKE
ERIE
(cont'd)
PROBLEM
N
0
.
A
R
E
A
OBJECTIVE OR
STANDARD VIOLATED
DATA
SOURCE
REMARKS AND/OR REFERENCE
LAST
YEAR
DATA
REPORTED
Huron
River
Harbor
(con
t'd)
(OEPA
—
0.3
mg/l)
Total inorganic nitrogen
(A&B)
U.S.
EPA
Region V
(Eastern
District)
133 out of 224 samples exceeded the
standard. The 224 sample average was
0.43 mg/l with a range of .03 to 1.72 mg/l.
1976
Chemical oxygen demand
(A&B)
(OEPA - Z mg/l offshore)
(OEPA — 12 mg/l nearshore)
U.S.
EPA
Regi
on V
(Eastern
District)
30 out of 32 samples violated the offshore
standard during the sampling season. 91
out of 192 samples violated the nearshore
standard. The 32 sample average was 13
mg/l with a range of 5 to 29 mg/l.
1976
Manganese(A&B)
(OEPA - 0.05 mg/l)
U.
S.
EP
A
Regi
on V
(Eastern
District)
17 out of 24 samples violated the standard.
The 24 sample average value was 0.027 mg/l
with a range of .006 to .170 mg/l.
1976
Arsenic(A&B)
(OEPA - 1 ug/l)
U.S.
EPA
Region V
(Eastern
District)
The standard for arsenic was exceeded by
only one sample during the September survey.
1976
 
Fecal coliform(B)
(OEPA — 200/100 ml)
9
Bl
ac
k
River
, Oh
io
   
Ohio-
(OEPA)
Since 1974—75 data consistantly was in
excess of the sample it is expected that
the same violations exist, although no
samples were collected below Elyria during
1976. Counts ranged from 660 to 17,000/
100 ml for data collected at U.S.G.S. site
upstream of the Elyria (STP).
1976
A) Sampled in baundary waters
B)
Sampled
in
tributary
to
baundary
waters
 
 
  
 PROBLEM AREAS
TABLE
1:5 -L
AKE ER
IE (co
nt'd)
NO.
PROBLEM
AREA
OB
JE
CT
IV
E
OR
ST
AN
DA
RD
VI
OL
AT
ED
DATA
SOURCE
REM
ARK
S A
ND/
OR
REF
ERE
NCE
LAST YEAR
DA
TA
REPORTED
Black
Riv
er,
Ohi
o
(con
t'd)
Ammonia(B)
(O
EP
A
-
1.
5
mg
/l
)
Ohio
(OE
PA)
Measu
remen
ts o
f 2.9
5, 4
.19,
1.51,
2.25,
2.03
and
3.81
mg/l
were
repor
ted
upstr
eam
of.
Ely
ria
.
19
76
 
Downst
ream m
easure
ments
of 3.1
, 4.7,
4.9,
4.9 an
d 5.9
were r
eporte
d for
1974-7
5.
Exist
ing
condi
tions
are
simil
ar to
those
of 1
975.
1
9
7
5
Dis
sol
ved
oxy
gen
(B)
(Ag
ree
men
t o
bje
cti
ve
- n
ot
les
s
than 6
mg/l)
Oh
io
(OE
PA)
Measu
remen
ts o
f 4.1
and
4.4 m
g/l w
ere
repor
ted u
pstre
am of
Elyri
a.
Sampl
es
coll
ecte
d be
twee
n El
yria
and
Lora
in
recorded values a
s low as 1.3 mg/l
.
19
76
Cadmi
um(B)
Ch
ro
mi
um
Co
pp
er
Oh
io
(OE
PA)
Ther
e wa
s no
1976
data
for
thes
e pa
rame
ters
.
1973
-74
mean
repo
rted
leve
ls o
f ca
dmiu
m
chrom
ium a
nd c
opper
were
1.5,
245.1
and
47.1
ug/l
resp
ecti
vely
.
1974
Co
(B)
pper
(20
ug/
l a
t a
240
har
dne
ss)
Oh
io
(OE
PA)
1 me
asur
emen
t of
70 u
g/l
was
repo
rted
.
1976
1
0
Roc
ky
Riv
er
 
 
Amm
oni
a(B
)
(OEPA - 1
.5 mg/l)
 
Oh
io
(OE
PA)
Amm
oni
a v
iol
ati
ons
wer
e p
red
ict
ed
by
the
Haven
s an
d Eme
rson
strea
m mod
el du
ring
low
flow
periods.
1976
A)
Sampled in boundary waters
k B) Sampled in tributary to boundary waters
  
 
 
 PROBLEM
AREAS
TABL
E 1:
5
-LAKE ERIE
(cont'd)
NO.
PROBLEM
AREA
OBJECTIVE
0R
STANDARD VIOLATED
DATA
SOURCE
REMARKS AND/OR REFERENCE
LAST
YEAR
DATA
REPORTED
2
1
Rocky
River
(cont'd)
Dissolved oxygen(B)
(OEPA
-
5.0
mg/l)
Ohio
(OEPA)
Violations
also
predicted
by
Havens
and
Emerson
Model.
1976
Fecal coliform(B)
(OEPA — 200/100 m1)
Ohio
(OEPA)
1 sample
collected
at
Puritas
Road
and
8,500/100 ml
1976
Phen01(B)
V
(
O
E
P
A
-
1
0
u
g
/
l
)
Ohio
(OEPA)
Values of 1,700 and 3,960 Hg/l have
been
recorded.
Identification is based on
known
sources
from Abrams
Creek.
1
9
7
6
11 Cleveland
Area
 
Dissolved oxygen(A&B)
(OEPA - 5.0 mg/l)
Ohio
(OEPA)
and city of
Cleveland
A11 6 OEPA samples collected at West 3rd
Street
in Cleveland
were below
5 mg/l
having
an
average
of 2.6
mg/l.
Numerous
values
below
5.0
mg/l
were
also
recorded
at
the
USGS
Cleveland
continuous
monitor
during April,
May,
June,
July, August,
and September.
The
City
of Cleveland
recorded
5 out
of
18
samples
and
5.0 mg/l with
an
18
sample average
of
6.1 mg/l.
The range
was
from
2.9
to
10.2
mg/l.
1976
 
Ammonia general standard(A&B)
(OEPA
—.1.5
mg/l)
(Lower Cuyahoga OEPA - 12.0
and
8.0
mg/l)
 
Ohio
(OEPA)
and city of
Cleveland
 
OEPA
tributary values
ranged
from 1.31
to
7.51 mg/l.
10 out
of 11
samples
collectec
at
West
3rd
Street
were
above
the
1.5
mg/l
general
standard,
but
within
the
12
and
8 mg/l
ammonia
standards
for
the
Lowe1
Cuyahoga River.
 
1976
 
A)
3)
Sampled
in
boundary
waters
Sampled
in
tributary
to
boundary
waters
 
   
PROBLEM AREAS
-L
AK
E
ER
IE
(c
on
t'
d)
T
A
B
L
E
1
:
5
2
2
N0
.
O
B
J
E
C
T
I
V
E
O
R
S
T
A
N
D
A
R
D
V
I
O
L
A
T
E
D
P
R
O
B
L
E
M
AR
EA
DATA
SOU
RCE
RE
MA
RK
S
AN
D/
OR
RE
FE
RE
NC
E
LA
ST
YE
AR
D
A
T
A
RE
PO
RT
ED
 
Cl
ev
el
an
d
Am
mo
ni
a
(c
on
t'
d)
Area
(c
on
tf
d)
Oh
io
(
O
E
P
A
)
a
n
d
C
i
t
y
o
f
C
l
e
v
e
l
a
n
d
Th
e
Ci
ty
of
Cl
ev
el
an
d
re
co
rd
ed
11
ou
t
of
32
sa
mp
le
s
we
re
gr
ea
te
r
th
an
1.
5
mg
/l
wi
th
a
32
sa
mp
le
av
er
ag
e
of
1.
16
.
19
76
Fe
ca
l
co
li
fo
rm
(A
&B
)
(O
EP
A
—
20
0/
10
0
m1
)
Oh
io
(
O
E
P
A
)
an
d
Ci
ty
of
C
l
e
v
e
l
a
n
d
A1
1
9
OE
PA
tr
ib
ut
ar
y
sa
mp
le
s
at
We
st
3r
d
St
re
et
ga
ve
va
lu
es
of
2,
00
0
to
20
,0
00
/
100
ml.
Th
e
Ci
ty
of
Cl
ev
el
an
d
re
co
rd
ed
5
of
8
sa
mp
le
s
ex
ce
ed
ed
20
0/
10
0
ml
wi
th
an
8
sa
mp
le
av
er
ag
e
of
56
6/
10
0
ml
.
Th
e
ra
ng
e
wa
s
21
to
14
00
/1
00
ml
.
19
76
Flu
ori
de(
B)
(O
EP
A
-
1.
3
mg
/l
)
Oh
io
(
O
E
P
A
)
Va
lu
es
of
1.
4
an
d
1.
46
mg
/l
we
re
re
co
rd
ed
at
We
st
3r
d
St
re
et
.
19
76
MBA
S(B
)
(O
EP
A
—
0.
5
mg
/l
)
O
h
i
o
(O
EP
A)
Va
lu
es
of
0.
53
an
d
0.
58
mg
/l
we
re
re
co
rd
ed
19
76
(A
&B
)
Co
pp
er
(O
EP
A
—
10
ug
/l
at
a
16
0
to
ta
l
ha
rd
ne
ss
at
ha
rb
or
en
tr
an
ce
—
o
f
f
s
h
o
r
e
—
5
u
g
/
l
 
 
C
i
t
y
of
Cl
ev
el
an
d
 
2
of
12
sa
mp
le
s
ex
ce
ed
ed
th
e
ha
rb
or
en
tr
an
ce
st
an
da
rd
wi
th
th
e
12
sa
mp
le
av
er
ag
e
be
in
g
7
ug
/l
.
Th
e
ra
ng
e
wa
s
fr
om
2
to
15
ug/
l.
15
Ou
t
of
80
of
fs
ho
re
sa
mp
le
s
ex
ce
ed
ed
th
e
of
fs
ho
re
st
an
da
rd
du
ri
ng
Ma
y
an
d
Ju
ly
.
Th
80
sa
mp
le
av
er
ag
e
wa
s
0.
29
mg
/l
wi
th
a
ra
ng
e
fr
om
0.
01
to
0.
94
mg
/l
.
19
76
 
 
L
A)
3)
Sa
mp
le
d
in
bo
un
da
ry
Wa
te
rs
Sa
mp
le
d
in
tr
ib
ut
ar
y
to
-b
ou
nd
ar
y
wa
te
rs
 
\B)
Sa
mp
le
d
1n
tr
ib
ut
ar
y
to
-o
ou
nu
ar
y
wa
LC
L:
  
P
R
O
B
L
E
M
A
R
E
A
S
TABLE 1:5 -LAKE ERIE (cont'd)
LAST
YEAR
PROBLEM
OBJECTIVE OR
DATA
DATA
NO-
AREA
STANDARD VIOLATED
SOURCE
REMARKS AND/0R REFERENCE
REPORTED
CleVEIand
Total iron(A&B)
City of
7 of 12 samples exceeded the standard.
1976
Area
(OEPA - 0.3 mg/l)
Cleveland
The 12 sample average was .56 mg/l with
(cont'd)
a range of
.04 to 15.50 ug/l.
Lead(A&B)
City of
One OEPA tributary sample recorded 60
1976
(OEPA — 40 ug/l)
Cleveland
ug/l.
The City of Cleveland data revealed
2 out of 12 samples exceeded the standard.
The 12 sample average was 20 ug/l with a
range from 15 to 102 Ug/l.
2
3
Total Phosphorus(A)
City of
Offshore sampling indicated 48 of 80
1976
(OEPA — .015 mg/l)
Cleveland
samples exceeding the standard during May
to November. The 80 sample average was
.018 mg/l with a range from .001 to .05
mg/l.
Inorganic Nitrogen(A)
City of
Offshore sampling indicated 35 of 80
1976
(OEPA — 0.3 mg/l)
Cleveland
samples exceeded the standard during May
to July.
The 80 sample average was .29
mg/l with a range of .01 to .94 mg/l.
Zinc(A)
City of
Offshore sampling indicated 13 of 52
1976
(OEPA — 0.015 mg/l)
Cleveland
samples exceeded the standard. The 52
sample average was .035 mg/l with a range
of .004 to .950 mg/l.
Phenols(B)
Ohio
9 of 12 samples collected at West 3rd
1976
(OEPA — 10 ug/l)
(OEPA)
Street ranged from 5 to 130 ug/l.
     
A)
Sampled
in
boundary
waters
B)
Sampled
in
tributary
to
boundary
waters
    
 2
4
 
TABL
E 12
5
P
R
O
B
L
E
M
A
R
E
A
S
-
L
A
K
E
E
R
I
E
(cont'd)
PROBLEM
NO.
A
R
E
A
OBJECTIVE 0R
STANDARD VIOLATED
DATA
SOURCE
REMARKS AND/0R REFERENCE
LAST
YEAR
DATA
REPORTED
12
Gra
nd
Riv
er,
Ohio
 
Dissolved oxygen(B)
(OEPA <5 mg/l)
Ohio
(OEPA)
Values of 3.6 and 3.5 mg/l were measured
at Rt. 535. The U.S.G.S. continuous
monitor recorded numerous values below
the standard during the months of May,
June, July, August and September.
1
9
7
6
Temperature(B)
(OEPA - 21.1°C for April)
Ohio
(OEPA)
The U.S.G.S continuous monitor at Rt. 535
recorded 3 violations during the month of
April. The values ranged from 21.5 to
22.0°C.
1976
puns)
(OEPA - 6-9 S.U.)
Ohio
(OEPA)
1 value of 10.6 S.U. was recordedby the
U.S.G.S. continuous monitor at St. Rt. 535.
1976
Dissolved solids(B)
(Agreement object
ive not to
exceed 200 mg/l)
Ohio
(OEPA)
The values ranged from 345 to 14,500 mg/l. 1976
Ammonia(B)
(OEPA - 0.5 mg/l)
Ohio
(OEPA)
2 violations of 2.24 and 1.7 mg/l were
measured.
1976
MBAS(B)
(OEPA
-
0.5
mg/l)
Ohio
(OEPA)
2 violations of 0.9land 1.68 mg/l were
measured.
1976
 
Chloride(B)
(OEPA - 250 mg/l)
Ohio
(OEPA)
  
12 out of 12 samples collected were viola-
lations. Concentrations ranged from 310
mg/l to 2,500 mg/l.
 
1976
 
A)
Sampled in boundary waters
.
l
B)
Sampled
in
tributary
to
boundary
waters
I
  
 P
R
O
B
L
E
M
A
R
E
A
S
TABLE
1:5
-LAKE
ERIE
(cont'd)
LAST
YEAR
PROBLEM
OBJECTIVE
OR
DATA
DATA
NO.
AREA
STANDARD
VIOLATED
SOURCE
REMARKS
AND/0R
REFERENCE
REPORTED
Grand
Fecal coliform(B)
Ohio
9 out of 9 samples collected at Rt. 535
1976
River,
(OEPA -
200/100 ml)
(OEPA)
were
violations.
Concentrations
ranged
Ohio (cont'd)
830 to 11,000 counts per 100 ml.
Copper(B)
Ohio
Values
of
100,
70
and
40
Ug/l
were
1976
(OEPA
-
20
ug/l
at
a
210
hard-
(OEPA)
measured.
ness)
Phenol(B)
Ohio
9 out
of
12
samples
collected
exceeded
1976
(OEPA - 10 ug/l)
(OEPA)
the standard, the values ranged from <‘
2 to 50 ug/l.
Dissolved oxygen(B)
Ohio
Samples collected at the 5th Street bridgi
1976
(OEPA <5.0 mg/l)
(OEPA)
were 3.8, 4.3 and 5.4 mg/l.
13
Ashtabula
Chloride(B)
Ohio
1 sample
collected
measured
280 mg/l.
1976
River
(OEPA - 250 mg/l)
(OEPA)
Copper(B)
Ohio
1 sample
collected
measured
30 ug/l.
1976
(OEPA - 20 ug/l at 210 hardnessD
(OEPA)
Lead(B)
Ohio
1 sample collected measured 2080 ug/l.
1976
(OEPA — 40 ug/l)
(OEPA)
Fecal coliform(B)
Ohio
All
7 4ample3 EXLeeded the standard.
1976
(OEPA
- 200/100
ml)
(OEPA)
The
counts
ranged
from
230
to
16,000/100
m
l
.
     
A)
Sampled
in
boundary
waters
B)
Sampled
in
tributary
to
boundary
waters
   
 2
6
PROBLEM
AREAS
TABLE 1:5-LAKE ERIE (cont'd)
No.
PROB
LEM
AREA
OBJ
ECT
IVE
0R
STAN
DARD
VIOL
ATED
DATA
SOURCE
REMARK
S AND/
0R REF
ERENCE
LAST YEAR
DA
TA
REPORTED
Ashta
bula
Riv
er
(con
t'd)
Dissolved
oxygen(B)
(OEPA < 5
.0 mg/l)
Ohio
(OEPA)
l
4
Pre
squ
e
Isle
Bay
Feca
l co
lifo
rm(A
)
(Agre
ement
objec
tive
-
geomet
ric me
an of
not le
ss tha
n
5 s
amp
les
tak
en
not
ove
r a
30
day
perio
d sh
ould
not
excee
d
200
/10
0 m
l)
PennsylVania
(PDER)
2 of 3 samples exceeded the standard. The 1976
average value was 4.5 mg/l.
 
Not previously re
ported analysis o
f 55 1973
samples i
ndicated
a mean of
450/100 m
l
during 1973.
B for further data.
Refer to the 1975 Appendix
Dissolved
oxygen(A)
(Agree
ment o
bjecti
ve - n
ot les
s
tha
n 6
mg/
l)
Pennsylvania
(PDER)
1
5
Gra
nd
Riv
er,
Ont
ari
o
Total dis
solved so
lids(A)
(Agree
ment o
bjecti
ve - n
ot les
s
than 2
00 mg/
l)
Ont
ari
o
(MOE)
Not previously re
ported 8 of 20 sa
mples 1973
show leve
ls below
the objec
tive duri
ng
Refer to the 1975
Appendix B
for further data.
This prob
lem area
was not s
ampled du
ring
1975
Refer to the 1975
Appendix B for
discussio
n and ass
essment.
 
Wh
ea
tl
ey
H
a
r
b
o
ur
 
Total col
iform<A>
(Agree
ment o
bjecti
ve ~ g
eometr
ic
mean
of no
t les
s tha
n 5 s
ample
s
taken
not o
ver a
30 da
y per
iod
should
not ex
ceed 1
,000/1
00 m1.
Ont
ari
o
(
M
O
E
)
  
Water
qualit
y samp
ling o
ccurre
d duri
ng
1976
An ass
essmen
t of t
he har
bour w
ater
quality w
ill be ca
rried out
in the su
mmer
of 197
7 foll
owing
comple
tion o
f reme
dial
prog
rams
.
for
furt
her
disc
ussi
on.
Refer
to the
1975 A
ppendi
x B
  
A) Sampled in boundary waters
B)
Sampled in tributary to boundary waters
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PROBLEM
AREAS
TABLE
1:5
-LAKE
ERIE
(cont'd)
LAST
YEAR
PROBLEM
OBJECTIVE
OR
DATA
DATA
No-
AREA
STANDARD
VIOLATED
SOURCE
REMARKS
AND/0R
REFERENCE
REPORTED
(A)
Ontario
An
assessment
of
the
harbour
water
quality
1976
Sigiieizrllifgi‘;ective _ geometric
(MOE)
will be carried out in the summer of 1977.
(cont'd)
mean of not less than 5 samples
Refer to the 1975 Appendix B for further
taken not over a 30 day period
details'
should not
exceed
200/100 ml)
 
Dissolved
oxygen(A)
(Agreement objective
- not
less
than
6
mg/l)
    
A)
Sampled
in
boundary
waters
B)
S
a
m
p
l
e
d
in
t
r
i
b
ut
a
r
y
to
b
o
u
n
d
a
r
y
w
a
t
e
r
s
   
 2
8
PROBLEM
AREAS
TABLE 1:6
-LAKE ON
TARIO
LAST YEAR
PROBLEM
OBJECTIVE OR
DATA
DATA
Nov
AREA
STANDA
RD VIO
LATED
SOURCE
REMARK
S AND/
0R REF
ERENCE
REPORT
ED
1
Buffa
lo
Pheno
l(B)
Level
s ran
ged
from
1 to
27 ug
/l wi
th a
1976
Rive
r
(Agr
eeme
nt o
bjec
tive
-
mean
of 2
ug/l
.
Are
a
sub
sta
nti
all
y a
bse
nt)
   
Total
colifo
rm(B)
Levels
ranged
from 2
3,000/
100 ml
to
1976
(Agr
eeme
nt o
bjec
tive
-
87,0
00/1
00 m
l.
geom
etri
c me
an o
f no
t le
ss t
han
5 sam
ples
taken
not m
ore
than
over
a 30
day
peri
od s
houl
d no
t
excee
d 1,
000/1
00 m1
)
Fecal
colif
orm(B
)
Level
s ra
nged
from
90/10
0 ml
to 4,
600/1
00
1976
(Ag
ree
men
t o
bje
cti
ve
-
ml.
geom
etri
c me
an o
f no
t le
ss
tha
n 5
sam
ple
s t
ake
n n
ot
mor
e
than
over
a 30
day
peri
od
sho
uld
not
exc
eed
200
/10
0 m
l)
Disso
lved
oxyge
n(B)
There
is la
te s
ummer
oxyge
n de
pleti
on
1976
(Agre
ement
objec
tive
- not
less
despi
te fl
ow a
ugume
ntati
on.
than 6
mg/l)
2
Uppe
r
Tota
l co
lifo
rm(A
)
New
York
Alth
ough
the
Niag
ara
Rive
r re
ceiv
es m
ajor
1976
Nia
gar
a
(Ag
ree
men
t o
bje
cti
ve
~
(NY
SDE
C)
ind
ust
ria
l a
nd
mun
ici
pal
was
te
dis
cha
rge
s
‘Riv
er
-—
geo
met
ric
mea
n o
f n
ot
less
than
in v
ari
ous
sta
ges
of
aba
tem
ent
, t
he
riv
ers
Ton
awa
nda
5 s
amp
les
tak
en
not
mor
e t
han
lar
ge
flo
w a
nd
hig
h v
elo
cit
y l
imi
ts
the
Cha
nne
l
ove
r a
30
day
per
iod
sho
uld
eff
ect
of
the
se
dis
cha
rge
s t
o l
oca
liz
ed
Are
a
not
exc
eed
1,0
00/
100
ml)
are
as
of
spa
rod
ic
con
tra
ven
tio
n o
f
standa
rds an
d/or o
biecti
ves fo
r tota
l
   
 
 
 
A) Sampled in boundary waters
L B) Sampled in tributary to boundary waters
  
\D)
bampieu in trioucary to boundary waters
  
PROBLEM
AREAS
—LAKE
ONTARIO
(cont'd)
TABLE 1:6
NO.
PROBLEM
AREA
OBJECTIVE
OR
STANDARD
VIOLATED
DATA
SOURCE
REMARKS AND/0R REFERENCE
LAST
YEAR
DATA
REPORTED
Upp
er
Niagara
River -
Tonawanda
Phenol<A>
(Agreement objective -
substantially absent)
 
Channel
Area (cont'c
A
Nitrates(A)
coliform and phenols.
Upper river quality
has remained generally good and unchanged
during the past few years with the
exCeption of nitrates from the outflow
of Lake Erie.
2
9
Lower
Niagara
River
Total coliform(A)
(Agreement objective - geometric
mean of not less than 5 samples
taken not over a 30 day period
should not exceed 200/100 ml)
New York
(NYSDEC)
Violations of total and fecal coliform
standards/objectives were noted in the
vicinity
of
Youngstown.
1976
Phenols(A)
(Agreement
objective
-
substantially absent)
Phenol data from 1976 indicates levels of
1 to 4 ug/l.
1976
 
Nearshore
Area from
Mout
h of
Niagara R.
to Eighteen
Mile Creek
:Total coliform
(A)
(Agreement objective — geometric
mean of
not
less
than
5 samples
taken over a 30 day period
should not exceed 1,000/100 ml.)
 
New York
(NYSDEC)
 
Bathing beaches along the Lake Ontario
shoreline generally remain closed by the
New
YorkSuate Department of Health due
to theinadequately treated domestic waste
discharging
from
the
Youngstown—Niagara
Beach
area
and
many
of
the
small
coastal
tributaries
effected
by direct
discharges
and leaching problems from local, unsewered
communities.
 
1976
 
A)
Sampled
in
boundary
waters
B)
Sampled
in
tributary
to
boundary
waters
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PROBLEM
AREAS
TABLE
1:6 -LA
KE ONT
ARIO (
cont'd
)
NO
.
PROBLEM
AR
EA
OB
JE
CT
IV
E
OR
STAN
DARD
VIOL
ATED
DA
TA
SOU
RCE
REMARKS A
ND/0R RE
FERENCE
LAST YEAR
DATA
REPORTED
Nears
hore
Ar
ea
fr
om
Mo
ut
h
of
Ni
ag
ar
a
R.
t
o
Ei
gh
te
en
Mil
e
Cre
ek
(con
t'd)
Feca
l co
lifo
rm(A
)
(Agr
eeme
nt o
bjec
tive
- ge
omet
ric
mea
n o
f n
ot
les
s t
han
5 s
amp
les
tak
en
ove
r a
30
day
per
iod
sho
uld
not
exc
eed
200
/10
0 m
1)
New
York
(NYS
DEC)
(con
t'd)
 
Ro
ch
es
te
r
Har
bor
Tot
al
col
ifo
rm(
A)
(Ag
ree
men
t o
bje
cti
ve
- g
eom
etr
ic
mea
n
of
not
les
s
tha
n
5 s
amp
les
tak
en
ove
r
a
30
day
per
iod
sho
uld
not
exc
eed
1,0
00/
100
ml)
 
Fec
al
col
ifo
rm(
A)
(Agr
eeme
nt o
bjec
tive
-
geo
met
ric
mea
n
of
not
les
s
tha
n
5 s
amp
les
tak
en
ove
r
a 3
0
day
per
iod
sho
uld
not
exc
eed
200
/
100
ml)
Dis
sol
ved
oxy
gen
(A)
(A
gr
ee
me
nt
ob
je
ct
iv
e
—
no
t
le
ss
than 6
mg/l)
 
Nit
rat
es(
A)
 
Ne
w
Yo
rk
(NYS
DEC)
 
Con
dit
ion
s i
n t
he
low
er
Gen
ese
e R
ive
r a
nd
Roc
hes
ter
Har
bor
hav
e r
ema
ine
d e
sse
nti
all
y
the
sam
e a
s d
eta
ile
d i
n A
ppe
ndi
x B
of
the
197
5 G
rea
t L
ake
s W
ate
r Q
ual
ity
Rep
ort
.
Dis
sol
ved
oxy
gen
lev
els
,
tho
ugh
low
, r
e-
main
ed a
bove
5 mg
/l
thro
ugho
ut t
he s
umme
r
of
197
6 a
nd
a g
ene
ral
inc
rea
se
in
ann
ual
mini
mum
nitr
ate
leve
ls h
as b
een
note
d,
alth
ough
maxi
mum
leve
ls h
ave
rema
ined
fair
ly c
onst
ant.
Whil
e to
tal
and
feca
l
coli
form
coun
ts f
requ
entl
y vi
olat
e Ne
w
York
State
and A
greem
ent O
bject
ives,
these
viol
atio
ns a
ppea
r to
be d
ecre
asin
g in
sev
eri
ty
and
pri
mar
ily
rel
ate
d t
o c
omb
ine
d
sew
er
ove
rfl
ows
dur
ing
hig
h r
uno
ff
per
iod
s
Dur
ing
197
6 i
t w
as
dec
ide
d t
o r
e—o
pen
the
Lak
e O
nta
rio
bat
hin
g b
eac
hes
wit
h c
los
e
mon
ito
rin
g
by
Mon
roe
Cou
nty
Hea
lth
Dep
art
—
men
t
and
sel
ect
ive
clo
sur
e
as
dic
tat
ed
by
sam
pli
ng
res
ult
s.
 
1976
\
A) Sampled in baundary waters
B) Sampled in tributary to boundary waters
l
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PROBLEM
AREAS
TABLE 1:6-LAKE ONTARIO (cont'd)
PROBLEM
N0.
AREA
OBJECTIVE OR
STANDARD VIOLATED
DATA
SOURCE
REMARKS AND/OR REFERENCE
LAST
YEAR
DATA
REPORTED
6
Os
we
go
Har
bor
Nuisance algae growth(A)
(Agreement - Article II —
Section 3)
New York
(NYSDEC)
Sampling results indicate the river basin
is basically eutrophic resulting in enrich«
ment of the harbor.
1976
Nitrates(A)
Chlori
des(A)
New
York
(NYSDEC)
Chloride levels a
veraged 190 mg/l
and a
general increasing trend in nitrates was
observed.
1976
7
Ba
y
of
Quin
te -
—
Adolphus
Reach
Area
 
Dissolved oxygen(A)
(Agreement objective - not
less than 6 mg/l)
Can
ada
(DFE) &
Ontario
(MOE)
4 of 14 measureme
nts violated the
objective 1976
for a period of 30 days.
was 4.2 mg/l.
In the loWer bay dissolved oxygen levels
1.5 meters from the bottom were 2 mg/l
under stratified conditions in mid-summer.
The me
an val
ue
 
Nuisance algae growth(A)
(Agreemen
t - Artic
le II —
Section 3)
Ont
ari
o
(MOE)
  
The mean chlorophyll .2 concentration was
21 Hg/l in the upper and middle bays. The
Lennox station recorded maximum concen—
trations of 22 ug/l while the Belleville
Station mean total phosphorus level was L
70 ug/l. The Hay Bay Area results indicat
total phosphorus values at 45 ug/l.
 
1976
A) Sampled in boundary waters
B)
Sampled
in tributary
to boundary
waters
 
 
 
 TA
BL
E
1:
6
PROBLEM AREAS
—L
AK
E
ON
TA
RI
O
(c
on
t'
d)
PROB
LEM
N0
.
AR
EA
OB
JE
CT
IV
E
OR
ST
AN
DA
RD
VI
OL
AT
ED
DA
TA
SOU
RCE
LAST
YEAR
DATA
REM
ARK
S A
ND/
OR
REF
ERE
NCE
REP
ORT
ED
Fe
ca
l
co
li
fo
rm
(A
)
(A
gr
ee
me
nt
ob
je
ct
iv
e
—
ge
om
et
ri
c
me
an
of
no
t
le
ss
th
an
5
sa
mp
le
s
ta
ke
n
no
t
ov
er
a
30
da
y
pe
ri
od
sh
ou
ld
no
t
ex
ce
ed
20
0/
10
0
m1
)
8
To
ro
nt
o
.Harb
our
&
Wa
te
rf
ro
nt
On
ta
ri
o
(MO
E)
Th
e
fe
ca
l
co
li
fo
rm
ob
je
ct
iv
e
wa
s
ex
ce
ed
ed
19
76
in
th
e
no
rt
he
rn
po
rt
io
n
of
th
e
in
ne
r
ha
rb
ou
r
an
d
in
As
br
id
ge
s
Ba
y.
Ap
pr
ox
im
at
el
y
20
pe
rc
en
t
of
th
e
ha
rb
ou
r
wa
s
in
no
nc
om
pl
ia
nc
e
ba
se
d
on
ye
ar
ly
me
an
es
ti
ma
te
s.
T
o
t
a
l
co
li
fo
rm
(A
)
(A
gr
ee
me
nt
ob
je
ct
iv
e
—‘
ge
om
et
ri
c
me
an
of
no
t
le
ss
th
an
5
sa
mp
le
s
ta
ke
n
no
t
ov
er
a
30
da
y
pe
ri
od
sh
ou
ld
no
t
ex
ce
ed
1,
00
0/
10
0
ml.
3
2
Ont
ari
o
(MOE)
Th
e
to
ta
l
co
li
fo
rm
ob
je
ct
iv
e
wa
s
vi
ol
at
ed
19
76
in
ov
er
30
%
of
th
e
ha
rb
or
.
In
ad
di
ti
on
an
ar
ea
ea
st
of
On
ta
ri
o
Pl
ac
e,
th
e
Sh
ip
pi
ng
Ch
an
ne
l
an
d
a
se
ct
io
n
in
th
e
Ou
te
r
Ha
rb
ou
r
we
re
in
ex
ce
ss
of
th
e
Ob
je
ct
iv
e.
Nu
is
an
ce
al
ga
e
gr
ow
th
(A
)
(A
gr
ee
me
nt
-
Ar
ti
cl
e
II
—
Se
ct
io
n
2)
On
ta
ri
o
(M
OE
)
Th
e
hi
gh
es
t
ph
os
ph
or
us
le
ve
ls
we
re
(m
ea
n
19
76
94
ug
/l
)
fo
un
d
in
th
e
no
rt
he
rn
se
ct
io
n
of
th
e
in
ne
r
ha
rb
Ou
r.
Th
e
ot
he
r
se
ct
io
ns
ha
d
me
an
le
ve
ls
of
54
ug
/l
.
Ou
te
r
ha
rb
ou
r
va
lu
es
sh
ow
ed
me
an
ch
lo
ro
ph
yl
l
"a
"
va
lu
es
of
31
Ug
/l
wh
il
e
th
e
me
an
ch
lo
ro
ph
y
l
"a
"
le
ve
l
in
th
e
in
ne
r
ha
rb
ou
r
wa
s
11
.5
Ug/
l-
9
H
a
m
i
l
t
o
n
H
a
r
b
o
ur
Di
ss
ol
ve
d
ox
yg
en
(A
)
(A
gr
ee
me
nt
ob
je
ct
iv
e
-
no
t
le
ss
th
an
6.
0
mg
/l
)
 
  
O
n
t
a
r
i
o
(MOE)
 
On
ly
th
e
up
pe
r
2
me
te
rs
of
th
e
wa
te
r
co
lu
mn
19
76
me
et
th
e
ob
je
ct
iv
e.
 
 
 
A)
Samp
led
in b
ound
ary
wate
rs
L B
)
Sam
ple
d i
n t
rib
uta
ry
to
ban
nda
ry
wat
ers
I
 
 
B)
Samp
led
in t
ribu
tary
to b
Ound
ary
wate
rs
 
TABLE 1:6
PROBLEM AREAS
—LAKE ONTARIO (cont'd)
NO.
PROBLEM
AREA
OBJECTIVE OR
STANDARD VIOLATED
DATA
SOURCE
REMARKS AND/OR REFERENCE
LAST
YEAR
DATA
REPORTED
3
3
(A)
Hamilton Iron
Harbour
(cont'
d)
not ex
ceed .
3 mg/l
)
(Agreement objective — should
Ont
ari
o
(MOE)
Concentrations we
re as high as 1.5
mg/l.
The open water just outside the harbour
recorded levels o
f .45 mg/l.
1976
Zinc(A)
— 3o ug/l)
(Proposed Agreement objective
Ont
ari
o
(MOE)
Concentrations up
to 430 Hg/l were
being
recorded during 1976.
1976
Nuisance algae growth(A)
(Agreemen
t - Artic
le II -
Secti
on 2)
Ontario
(MOE)
Phosphorus levels are such that light
limited algae crops of 300 to 400 mg/m2
chlorophyll g are frequently achieved.
Actual loadings are well above 2 mg/mzd.
1976
1
0
St. Lawre
nce Nuisa
nce algae
growth(A)
River
(Agreemen
t - Artic
le II —
Secti
on 2)
 
Floating debris, 011(A)
(Agreement - Annex 1 —
Secti
on 2)
   
New York
(NYSDEC)
 
Specific problems include weedgrowth,
floating debris and oil slicks on the
river proper as well as highly eutrophic
conditions in many of the inland bays.
The St. Lawrence is reported to have one
of the highest phosphorus loadings among
eastern rivers. Oil pollution, is con-
sidered a seriOus problem since limited
river access renders most spills largely
unrecoverable.
 
1976
 
A)
3)
Sampled
in boundary waters
Sampled
in
tributary
to
boundary
waters
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KE
ONT
ARI
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t'd
)
O
B
J
E
C
T
I
V
E
O
R
ST
AN
DA
RD
VI
OL
AT
ED
PR
OB
LE
M
N0
.
AR
EA
DA
TA
SOU
RCE
REM
ARK
S
AN
D/
0R
REF
ERE
NCE
LAST
YEAR
DA
TA
REPO
RTED
St.
La
wr
en
ce
Ri
ve
r
(
c
o
n
t
'
d
)
 
 
 
Nat
ura
l s
our
ces
whi
ch
hav
e c
ont
rib
ute
d
to
deg
rad
ed
wat
er
qua
lit
y
in
rec
ent
yea
rs
are
cau
sin
g w
ors
ene
d
con
dit
ion
s b
eca
use
of
th
e
ge
ne
ra
l
tr
en
ds
to
wa
rd
lo
we
r
wa
te
r
lev
els
and
hig
her
tem
per
atu
res
.
The
se
con
dit
ion
s
are
con
duc
ive
to
inc
rea
sed
wee
d
gro
wth
.
The
low
flu
shi
ng
rat
e i
n t
he
inl
and
bay
s
has
res
ult
ed
in
a b
uil
d-u
p
of
pol
lut
ant
s
and
eut
rop
hic
con
dit
ion
s.
 
1976
 
A)
Samp
led
in b
ound
ary
wate
rs
 
L B)
Sample
d in t
ributa
ry to
bounda
ry wat
ers
 
 
  
SE
LE
CT
ED
PR
OB
LE
M
AR
EA
AS
SE
SS
ME
NT
S
LAKE SUPERIOR
DULUTH-SUPERIOR HARBOR
The
wat
er
qua
lit
y i
n D
ulu
th-
Sup
eri
or
Har
bor
was
mea
sur
ed
in
St.
Lou
is
Bay
at
the
I—5
35
bri
dge
.
Dur
ing
the
sam
pli
ng
per
iod
Oct
obe
r 1
,
197
5 t
o S
ept
emb
er
30,
197
6 t
wel
ve
wat
er
qua
lit
y s
amp
les
wer
e t
ake
n.
The
se
sam
ple
s i
ndi
cat
ed
tha
t t
he
Agr
eem
ent
obj
ect
ive
s f
or
dis
sol
ved
oxy
gen
, t
ota
l c
oli
for
m,
and
fec
al
col
ifo
rm
wer
e n
ot
met
one
thi
rd
of
the
tim
e d
uri
ng
thi
s p
eri
od.
Nut
rie
nts
are
als
o a
con
cer
n.
Lev
els
of
pho
sph
oru
s a
nd
nit
rog
en
fou
nd
in
the
har
bor
gen
era
lly
exc
eed
lev
els
nec
ess
ary
for
the
dev
elo
pme
nt
of
alg
al
blo
oms
(Ma
sch
wit
z g
t a
1.,
197
6).
The
re
has
bee
n n
o i
mpr
ove
men
t f
rom
las
t y
ear
and
non
e i
s e
xpe
cte
d u
nti
l
197
8 w
hen
the
new
Wes
ter
n L
ake
Sup
eri
or
San
ita
ry
Dis
tri
ct
Was
tew
ate
r
Treatment Plant has been completed.
MINERAL RIVER
The
Min
era
l
Riv
er
is
sam
ple
d
nea
r
its
mou
th
by
the
Mic
hig
an
Dep
art
men
t
of
Nat
ura
l
Res
our
ces
.
The
con
cen
tra
tio
ns
of
tot
al
dis
sol
ved
sol
ids
(TD
S)
and
chl
ori
de
in
the
Min
era
l
Riv
er
hav
e
bee
n
inc
rea
sin
g s
har
ply
for
the
pa
st
th
re
e
ye
ar
s.
Av
er
ag
e
19
76
co
nc
en
tr
at
io
ns
we
re
12
40
mg
/l
(TD
S),
an
d
60
0
mg
/l
ch
lo
ri
de
.
Th
es
e
va
lu
es
ar
e
hi
gh
in
re
la
ti
on
to
ma
in
la
ke
con
cen
tra
tio
ns
(TD
S
=
60
mg/
l,
C1
= 1
mg/
l).
Thi
s
wil
l
cau
se
hig
h
loc
al
con
cen
tra
tio
ns
of
the
se
mat
eri
als
in
the
lak
e n
ear
the
riv
er
mou
th.
Th
e
lo
ad
in
g
of
TD
S
fr
om
th
e
ri
ve
r
is
sm
al
l
re
la
ti
ve
to
th
e
to
ta
l
TD
S
lo
ad
to
th
e
la
ke
(1%
).
Th
e
ch
lo
ri
de
lo
ad
in
g
is
ro
ug
hl
y
12
%
of
th
e
to
ta
l
lo
ad
in
g
to
La
ke
Su
pe
ri
or
fr
om
al
l
so
ur
ce
s
(as
me
as
ur
ed
in
th
e
Up
pe
r
Lak
es
Stu
dy)
.
Thi
s
pro
ble
m
is
due
to
min
e
dew
ate
rin
g
and
wil
l
be
dif
fic
ult
to
rem
edy
.
How
eve
r,
if
the
tre
nd
con
tin
ues
it
cou
ld
hav
e m
ore
tha
n a
loc
al—
iz
ed
ef
fe
ct
on
th
e
La
ke
Su
pe
ri
or
wa
te
r.
LAKE MICHIGAN
MILWAUKEE HARBOR
Wa
te
r
qu
al
it
y
sa
mp
le
s
ha
ve
be
en
ta
ke
n
ov
er
a
tw
o
ye
ar
pe
ri
od
.
Th
e
re
su
lt
s
in
di
ca
te
th
at
su
sp
en
de
d
so
li
ds
co
nc
en
tr
at
io
n
av
er
ag
es
ab
ou
t
20
mg
/l
wi
th
hi
gh
er
le
ve
ls
up
st
re
am
an
d
du
ri
ng
ru
no
ff
ev
en
ts
.
Ba
se
d
on
15
5
sa
mp
le
s,
th
e
di
ss
ol
ve
d
ox
yg
en
av
er
ag
es
6.
0
mg
/l
wi
th
a
st
an
da
rd
de
vi
at
io
n
of
3.
5
mg
/l
.
Fo
ll
ow
in
g
ma
jo
r
ru
no
ff
ev
en
ts
th
e
di
ss
ol
ve
d
ox
yg
en
ha
s
dr
op
pe
d
be
lo
w
1.0 mg/l.
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 INDIANA HARBOR
Th
e
I
n
d
i
a
n
a
H
a
r
b
o
r
C
a
n
a
l
dr
ai
ns
th
e
i
n
d
u
s
t
r
i
a
l
i
z
e
d
a
r
e
a
of
N
o
r
t
h
w
e
s
t
In
di
an
a.
Tw
o
st
ee
l
m
i
l
l
s
an
d
fo
ur
oi
l
r
e
f
i
n
e
r
i
e
s
ar
e
l
o
c
a
t
e
d
on
it
s
ba
nk
.
It
in
te
rc
ep
ts
th
e
fl
ow
of
th
e
Gr
an
d
Ca
lu
me
t
Ri
ve
r
wh
ic
h
re
ce
iv
es
wa
st
es
fr
om
th
e
Un
it
ed
St
at
es
St
ee
l
pl
an
t
at
Ga
ry
pl
us
se
ve
ra
l
ot
he
r
in
du
st
ri
es
an
d
mu
ni
ci
pa
l
di
sc
ha
rg
es
fr
om
Ga
ry
,
Ha
mm
on
d
an
d
Ea
st
Ch
ic
ag
o,
In
di
an
a.
Th
e
Ca
na
l,
wh
ic
h
di
sc
ha
rg
es
mo
re
th
an
10
00
cf
s
to
th
e
so
ut
he
rn
ba
si
n
of
La
ke
Mi
ch
ig
an
,
is
th
e
mo
st
im
po
rt
an
t
di
re
ct
di
sc
ha
rg
e
to
th
e
La
ke
.
It
is
mo
re
th
an
95
%
mu
ni
ci
pa
l
an
d
in
du
st
ri
al
wa
st
e.
Du
ri
ng
19
67
,
it
wa
s
co
ns
ta
nt
ly
co
ve
re
d
wi
th
oi
l
sl
ic
ks
,
ha
d
ve
ry
hi
gh
co
li
fo
rm
co
un
ts
an
d
hi
gh
co
nc
en
tr
at
io
ns
of
mo
st
po
ll
ut
an
ts
me
as
ur
ed
.
As
a
re
su
lt
of
th
e
Ca
lu
me
t
Ar
ea
En
fo
rc
em
en
t
Co
nf
er
en
ce
an
d
su
bs
eq
ue
nt
en
fo
rc
em
en
t
ac
ti
on
s,
th
e
in
du
st
ri
es
in
th
e
ar
ea
ha
ve
in
st
it
ut
ed
ma
jo
r
in
du
st
ri
al
wa
st
e
co
nt
ro
l
pr
og
ra
ms
wh
ic
h
ha
ve
re
su
lt
ed
in
re
du
ct
io
ns
in
co
nc
en
tr
at
io
ns
of
ir
on
,
ph
en
ol
,
cy
an
id
e,
he
xa
ne
so
lu
bl
es
,
an
d
ot
he
r
in
du
st
ri
al
co
nt
am
in
an
ts
.
Fl
oa
ti
ng
oi
l
an
d
de
br
is
is
no
w
a
ra
re
oc
cu
ra
nc
e
an
d
th
e
ap
pe
ar
—
an
ce
of
th
e
Ca
na
l
ha
s
im
pr
ov
ed
si
nc
e
19
67
.
Th
er
e
ar
e
st
il
l
ma
jo
r
pr
ob
le
ms
wi
th
co
mb
in
ed
se
we
r
di
sc
ha
rg
es
,
mu
ni
ci
pa
l
se
wa
ge
pl
an
t
di
sc
ha
rg
es
,
an
d
so
me
in
du
st
ri
al
di
sc
ha
rg
es
.
Th
e
Ca
na
l
do
es
no
t
me
et
wa
te
r
qu
al
it
y
st
an
da
rd
s
bu
t
mu
ch
pr
og
re
ss
ha
s
be
en
ma
de
(T
ab
le
1:
7)
.
Th
e
di
sc
ha
rg
es
fr
om
th
e
Ca
na
l
ha
ve
no
t
le
d
to
th
e
ra
pi
d
de
te
ri
or
at
io
n
of
La
ke
Mi
ch
ig
an
th
at
wa
s
fe
ar
ed
du
ri
ng
th
e
la
te
si
xt
ie
s.
WAUKEGAN HARBOR
On
Ja
nu
ar
y
26
,
19
76
th
e
Il
li
no
is
En
vi
ro
nm
en
ta
l
Pr
ot
ec
ti
on
Ag
en
cy
no
ti
fi
ed
th
e
U.
S.
En
vi
ro
nm
en
ta
l
Pr
ot
ec
ti
on
Ag
en
cy
th
at
hi
gh
co
nc
en
tr
at
io
ns
of
PC
B
co
mp
ou
nd
s
ha
db
ee
n
fo
un
d
in
th
e
ou
tf
al
ls
of
th
e
Ou
tb
oa
rd
Ma
ri
ne
Co
rp
or
at
io
n
at
Wa
uk
eg
an
,
Il
li
no
is
.
Th
is
di
sc
ha
rg
e
ha
d
be
en
oc
cu
rr
in
g
fo
r
20
ye
ar
s
an
d
in
vo
lv
ed
mo
re
th
an
45
,3
60
kg
of
PC
B
co
mp
ou
nd
s.
Th
e
U.
S.
En
vi
ro
nm
en
ta
l
Pr
ot
ec
ti
on
Ag
en
cy
no
ti
fi
ed
th
e
U.
S.
Ar
my
Co
rp
s
of
En
gi
ne
er
s
of
th
e
di
sc
ha
rg
e
an
d
al
l
pl
an
s
fo
r
dr
ed
gi
ng
th
e
ha
rb
or
we
re
su
sp
en
de
d
un
ti
l
th
e
le
ve
ls
an
d
ex
te
nt
of
PC
Bs
in
th
e
se
di
me
nt
s
co
ul
d
be
de
te
rm
in
ed
.
Th
e
U.
S.
EP
A
co
nd
uc
te
d
tw
o
su
rv
ey
s
of
th
e
ha
rb
or
se
di
me
nt
s.
Th
e
re
su
lt
s
of
th
es
e
su
rv
ey
s
ar
e
sh
ow
n
on
Fi
gu
re
1:
2.
Fr
om
th
e
su
rv
ey
s
it
is
cl
ea
r
th
at
th
e
se
di
me
nt
s
in
sl
ip
No
.
3
co
nt
ai
n
ve
ry
hi
ghc
on
ce
nt
ra
ti
on
s
of
PC
B
an
d
th
at
PC
B
ha
ve
be
en
ca
rr
ie
d
do
wn
st
re
am
at
le
as
t
as
fa
r
as
th
e
ma
in
tu
rn
in
g
ba
si
n
in
th
e
ha
rb
or
.
Th
e
ou
te
r
ha
rb
or
ch
an
ne
l
co
nt
ai
ne
d
le
ss
th
an
1
mg
/k
g
PC
B
so
th
at
it
ha
s
no
t
be
en
co
nc
lu
si
ve
ly
de
mo
ns
tr
at
ed
th
at
PC
Bs
fr
om
OM
C
ha
ve
re
ac
he
d
th
e
op
en
la
ke
se
di
me
nt
s
th
ro
ug
h
th
e
ha
rb
or
.
On
Ju
ne
9,
19
76
an
ad
di
ti
on
al
su
rv
ey
wa
s
ma
de
by
th
e
U.
S.
EP
A
pa
r-
ti
ci
pa
ti
ng
Il
li
no
is
EP
A
an
d
Ou
tb
oa
rd
Ma
ri
ne
Co
rp
or
at
io
n
(O
MC
).
Th
is
su
rv
ey
to
ok
pl
ac
e
on
OM
C
pr
op
er
ty
an
d
in
vo
lv
ed
se
di
me
nt
s
in
th
e
No
rt
h
Di
tc
h
wh
ic
h
ca
n
di
sc
ha
rg
e
di
re
ct
ly
to
La
ke
Mi
ch
ig
an
du
ri
ng
hi
gh
ru
no
ff
pe
ri
od
s.
Ve
ry
hig
h
PCB
con
cen
tra
tio
ns
wer
e
fou
nd
in
the
sed
ime
nts
fro
m t
his
dit
ch
(Fi
gur
e
1:3
).
Low
but
def
ini
te
con
cen
tra
tio
ns
of
PCB
s w
ere
fou
nd
in
the
Lak
e
36
 TABLE 137
SAM
PLI
NG
RES
ULT
S F
OR
IND
IAN
A H
ARB
OR
CAN
AL
AT
DIC
KEY
ROA
D
1965-1967 Based on 104 Samples*
pH
Conductivity
D.O.
BOD
COD
Sulfates
Chlorides
Ammonia
Nitrate
Total P
Fe
Cyanide
Susp Solids
Phenol
Fecal Coliforms
Copper
Chromium
Lead
Nickel
Zinc
Sodium
* USDOI
Maximum Minimum Mean
 
8.0
800
7.2
18
147
155
70
6.7
3.5
0.42
10.0
0.56
84
.635
220,000
**
In
di
an
a
Bo
ar
d
of
He
al
th
0
.
N
O
O
W
(
D
M
D
)
O
O
O
O
O
H
.001
7.0
504
37
1976 Based on 12 Samples**
Maximum Minimum Mean Units
7.5
540
6.5
410
1.0
2.3
14
38
30
.4
.1
.12
.7
.012
D
O
O
O
O
N
.005
350
7.1
475
3.8
3.6
19
55
41
.3
.4
.29
.9
.137
\
O
O
O
O
O
-
D
.011
Standard
umho/mm
mg/l
mg/l
mg/l
mg/l
mg/l
mg/l
mg/l
mg/l
mg/l
mg/l
mg/l
mg/l
5,000 per 100 ml
0.02
0.02
0.043
0.021
0.09
25.4
mg/l
mg/l
mg/l
mg/l
mg/l
mg/l
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Michigan sediments opposite the North Ditch which show that some PCB
has reached the lake from the ditch. All discharges to the North Ditch
were sealed as a result of an EPA order during 1976. It is known that
PCB compounds bioaccumulate and that several species of Lake Michigan
fish contain levels of PCBs higher than the Food and Drug Administration
guidelines. Interstate shipment of these Lake Michigan species is pro—
hibited and sports fishermen have been advised to limit their consumption
of Lake Michigan fish to one meal per week.
It is not known to what extent PCB compounds enter the food chain
through Sediments. Therefore the threat posed by these high concentrations
in the harbor sediments cannot be evaluated. It is known that PCB compounds
can be effectively isolated from the environment in controlled landfills.
LAKE HURON
SAGINAW BAY
Surveys of water quality of Saginaw Bay have been conducted on a
regular basis from 1974 to 1976. The primary concern has been with enrich—
ment and resultant problemsassociated with over abundance of algae, par—
ticularly with taste and odor in municipal water supplies.
The data for 1974-1976 were analyzed usinga one way analysis of
variance. The objective was to determine whether any discernible trends
were evident. The bay was dividedinto five segments and data grouped
within each segment. Annual segment averages for enrichment parameters
were computed for each segment.
In general, the analysis revealedstatistically significant increases
(95% confidence) in the inner bay segment 2 (Figure 1:4) for chloride,
chlorophyll a, total phosphorus and total Kjeldahl nitrogen. Decreasing
trends were significant for the filtered reactive phosphate—phosphorus
and filtered nitrate—nitrite nitrogen. These decreases in dissolved
nutrients suggest larger utilization by the increasing biomass represented
by chlorophyll a.
In the other segments, the data are too variable to detect statisti-
cally significant trends in the entire series of parameters. However,
because segment 2 contains the majority of the inner bay volume, it is
representative of the overall water quality situation in the bay. In
summary, over the period 1974—1976, enrichment of the bay has increased
significantly. The reason for this increase, however, remains to be
determined.
40
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ST. MARYS RIVER
Im
pr
ov
em
en
ts
in
wa
te
r
qu
al
it
y
we
re
no
te
d
in
19
76
as
cy
an
id
e
an
d
am
mo
ni
a
le
ve
ls
we
re
wi
th
in
th
e
MO
E
cr
it
er
ia
fo
r
pu
bl
ic
su
rf
ac
e
wa
te
r
su
pp
ly
.
Ph
en
ol
s
ho
we
ve
r
ex
hi
bi
te
d
le
ve
ls
th
at
ra
ng
ed
fr
om
10
0
ug
/l
im
me
di
at
el
y
do
wn
st
re
am
fr
om
th
e
Al
go
ma
St
ee
l
Ou
tf
al
l
to
15
ug
/l
in
La
ke
Ge
or
ge
an
d
30
ug
/l
ne
ar
th
e
ou
tf
al
l
to
10
ug
/l
in
th
e
ch
an
ne
l.
El
ev
at
ed
le
ve
ls
in
Ju
ly
we
re
tr
ac
ed
to
ma
lf
un
ct
io
n
in
th
e
co
ke
ov
en
op
er
at
io
n
du
ri
ng
Jun
e.
To
ta
l
co
li
fo
rm
le
ve
ls
al
on
g
th
e
Sa
ul
t
St
e.
Ma
ri
e
wa
te
rf
ro
nt
of
On
ta
ri
o
sl
ig
ht
ly
ex
ce
ed
ed
th
e
Ag
re
em
en
t
ob
je
ct
iv
e
fo
r
a
di
st
an
ce
of
th
re
e
ki
lo
me
te
rs
.
Le
ve
ls
do
wn
st
re
am
fr
om
th
e
Sa
ul
t
Ste
.
Ma
ri
e,
On
ta
ri
o
Se
wa
ge
Tr
ea
tm
en
t
Pl
an
t
we
re
wi
th
in
co
mp
li
an
ce
du
ri
ng
Ma
y
an
d
Ju
ly
197
6.
LAKE ERIE
DETROIT RIVER
Fi
ft
y—
fo
ur
st
at
io
ns
at
10
ri
ve
r
cr
os
s
se
ct
io
ns
,
or
"r
an
ge
s"
,
we
re
sa
mp
le
d
si
x
ti
me
s
du
ri
ng
197
6.
Th
e
da
ta
we
re
ex
am
in
ed
to
de
te
rm
in
e
wa
te
r
qu
al
it
y
in
the
Det
roi
t
Riv
er
and
to
est
ima
te
the
mat
eri
al
loa
din
gs
to
Lak
e
Eri
e.
The
dia
gra
m i
n F
igu
re
1:5
sho
ws
the
sam
pli
ng
sta
tio
ns
and
ran
ges
sam
ple
d.
The
ran
ge
num
ber
ind
ica
tes
tha
t m
ile
s
ups
tre
am
fro
m t
he
riv
er
mou
th.
Ran
ge
3.9
is
the
"mo
uth
ran
ge"
for
com
put
ing
mat
eri
al
loa
din
gs
to
Lak
e
Eri
e.
Ran
ges
30.
8w
and
30.
7E
are
com
bin
ed
to
for
m t
he
"he
ad
ran
ge"
and
are
use
d
to
mea
sur
e i
npu
ts
to
the
Det
roi
t R
ive
r f
rom
Lak
e S
t.
Cla
ir.
Als
o s
how
n i
n
Fig
ure
1:5
are
lin
es
sho
win
g 2
5%
inc
rem
ent
s o
f t
ota
l r
ive
r f
low.
Imp
ort
ant
fin
din
gs
con
cer
nin
g r
ive
r w
ate
r q
ual
ity
inc
lud
e:
1.
Dis
sol
ved
oxy
gen
con
cen
tra
tio
ns
met
the
6 m
g/l
obj
ect
ive
for
all
sam
ple
s c
oll
ect
ed.
Act
ual
con
cen
tra
tio
ns
var
ied
fro
m
6.6 to 13.6 mg/l.
2.
All
pH v
alue
s we
re w
ithi
n th
e ra
nge
of 6
.7 t
o 8.
5, a
s sp
ecif
ied
in the objectives. This is an improvement over the past two
years.
3. The average concentrationsof total iron exceeded 0.3 mg/l at
52 of the 54 stations. This is similar to past years.
4.
Tota
l di
ssol
ved
soli
ds e
xcee
ded
200
mg/l
once
at e
ach
of t
hree
different stations near the Canadian shore.
5. As in past years, detectable phenol concentrations occurred
throughout the Detroit River. The average phenol concen—
trations at individual stations ranged from 0.95 to 5.3 pg/l.
The highest phenol levels occurred near the American shore
in the heavily industrialized areas.
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 6.
Feca
l co
lifo
rm r
esul
ts r
emai
ned
a pr
oble
m.
As s
tate
d in
the
objectives, compliance is based on a geometric mean of "not
less than five samples taken over not more than a thirty—day
period". Although this requirement is not followed in the
sampling program, fecal coliform densities exceeded the 200
count per 100 ml limit at least once at 76% of the stations
sampled. This is primarily due to storm and combined sewer
overflows.
Tables 1:8 and 1:10 show concentrations and loadings near the river
mouth from 1967 through 1976. Several trends are apparent over this ten—
year period. Chlorides and ammonia nitrogen are decreasing. Nitrate is
increasing. Phenols appear to be increasing. However, since phenol
concentrations are near the limit of detection, these trends may be not
real.
The most significant trend is the decrease of total phosphorus.
Concentrations have decreased over 70% since 1968. Loading to Lake Erie
has decreased from 90,000 kg/day to 28,000 kg/day. Further decreases
can be expected when the Detroit Waste Water Treatment Plant improves
phosphorus removal.
The Detroit River Loading Budget for Water Year 1976 is shown in
Table 1:10. Data from industrial, municipal and tributary programs con—
ducted byMichigan and Ontario were used to formulate this table. The
sum of the inputs from these sources is compared to the difference in river
loadings between the head and mouth ranges. The "1" column indicates the
percentage of the river loading increase which is accounted for by industrial,
municipal and tributary sources. It is noted that these inputs account for
the majority of the loading increases observed for the parameters listed.
HURON HARBOR
During the months of April through November 1976, the U.S. EPA,
Region V, Eastern District Office (formerly Michigan—Ohio District
Office) conducted 16 sampling surveys in the Huron Harbor area. Samples
were obtained 1/2 meter below the surface and 1/2 meter above the lake
bottom at 10 stations and analyzed for turbidity, suspended solids,
reactive and total phosphorus, nitrate plus nitrite, ammonia, total
Kjeldahl nitrogen, COD, oil and grease, and heavy metals. Situ measure—
ments were made for temperature, dissolved oxygen, pH and conductivity.
The results of this study indicate that, at times, water quality
in the Huron Harbor area does not meet Agreement objectives and/or Ohio
EPA lake standards for dissolved oxygen, total iron, total phosphorus,
total inorganic nitrogen, chemical oxygen demand, and total manganese. It
should be noted, however, that operation of the diked disposal facility
at Huron Harbor did not measureably affect the surrounding water quality.
Rather, violations of applicable standards could be attributed to back-
ground
lake
concentrations
as
well
as
excessive
Huron
River
loadings.
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WATER QUALITY or RANGE DT 3.9 LOCATED AT THE MOUTH OF THE DETROIT RIVER
Data from the Detroit River Monitoring Program carried on by Michigan
were used to prepare the table shown below. Approximately ten stations
across the range were used in calculating the averages for each Water
Year.
The mean concentrations were developed by weighting individual concen—
trations across the range for flow. The weighting factors used were
based on the percentage of river flow represented at each station on
the range.
MEAN DAILY CONCENT
RATION-WATER YEAR
BASIS
Water Water Water Water Water Water Water Water water
Year Year Year Year Year Year Year Year Year
PARAMETER
68 69
70 71
72 73
74 75
76
Phenols 1.8 2.6 2.7 1.8 1.7 1.4 2.2 2.0
(ug
/l)
Total Iron
0.730
0.590
0.485
0.370
0.580
0.390
0.350
0.420
.55
(
m
g
/
1
)
4
5
Chloride
23
18
18
15
17
14
16
15
1
5
(mg
/1)
Sol. Phosphorus
0.07 0.07
0.08 0.04
0.03 0.02
0.02 0.03
.0
2
(mg
/1)
Tot. Phosphorus
0.18 0.13
0.13 0.08
0.07 0.08
0.05 0.06
.05
(mg
/1)
Ammonia Nitrogen
0.12 0.13
0.14 0.16
0.15 0.10
0.13. 0.14
.10
(mg/1)
Nitrate Nitrogen
0.19 0.17
0.27 0.28
0.32 0.25
0.27 0.35
. 3
0
(mg/ 1)
pH (low value/ 7.
1/8.1 7.3/8.2
7.3/8.2 7.6/8.3
7.0/8.3 7.0/8.3
7.0/8.1 7.5/8.
3
7.5/8.2
high
value
)
Diss. Oxyg
en
8.1
8.6
7.7
7.8
9.1
7.9
8.9
9.8
8.8
(mg/l)
  
4
6
  
T
A
B
L
E
1
:
9
LOA
DIN
GS
T0
LAK
E E
RIE
FRO
M T
HE
DET
ROI
T R
IVE
R
Data
from
the
Detr
oit
Rive
r Mo
nito
ring
Prog
ram
carr
ied
on b
y Mi
chig
an w
ere
used
to p
repa
re
the
tabl
e
bel
ow.
The
tab
le
sho
ws
the
mea
n d
ail
y l
oad
ing
rat
e o
f t
en
wat
er
qua
lit
y p
ara
met
ers
at
the
mou
th
of
the
Det
roi
t R
ive
r,
app
rox
ima
tel
y 3
.9
mil
es
ups
tre
am.
Dat
a a
t t
en
sta
tio
ns
acr
oss
Ran
ge
DT
3.9
wer
e u
sed
to
cal
cul
ate
the
loa
din
gs,
whi
ch
rep
res
ent
the
amo
unt
s o
f t
he
var
iou
s m
ate
ria
ls
ent
eri
ng
Lak
e E
rie
.
The
mont
hly
conc
entr
atio
n wa
s mu
ltip
lied
by t
he a
vera
ge d
aily
flow
for
that
mont
h t
o yi
eld
a lo
adin
g
pro
duc
t.
The
se
ind
ivi
dua
l p
rod
uct
s w
ere
wei
ght
ed
for
flo
w b
y t
aki
ng
int
o a
cco
unt
the
per
cen
tag
e o
f t
ota
l
riv
er
flo
w r
epr
ese
nte
d b
y t
he
sam
ple
d s
tat
ion
.
The
se
wei
ght
ed
loa
din
g r
ate
s w
ere
sum
med
to
yie
ld
a m
ean
dai
ly
loa
din
g r
ate
for
the
yea
r.
Als
o g
ive
n i
s t
he
sta
nda
rd
dev
iat
ion
of
the
loa
din
g,
enc
los
ed
in
par
ent
hes
is,
for
eac
h p
ara
met
er.
Mea
n D
ail
y L
oad
ing
s a
s K
G/D
AYl
Pas
sin
g R
ang
e D
T 3
.9
at
the
Mou
th
of
the
Det
roi
t R
ive
r
PER
IOD
OF
REC
ORD
- W
ATE
R Y
EAR
BAS
IS
Sta
nda
rd
Dev
iat
ion
Exp
res
sed
as
KG/
DAY
are
enc
los
ed
in
par
ent
hes
is
Wat
er
Ye
ar
Tot
al2
Sol
ids
D
i
s
s
o
l
v
e
d
Sol
ids
Susp
ende
d
So
li
ds
Chlo
ride
Total
Pho
sph
oru
s
Sol
ubl
e
Phosphorus
Nitr
ate3
Nitrogen
Ammonia
Nitrogen
Total
Iron Phenols Fl
ow
1967
1
9
6
8
19
69
19
70
19
71
1
9
7
2
19
73
19
74
19
75
1976
(K
G/
DA
Y)
N.
A.
N.
A.
87,
000
,00
0
97,
000
,00
0
10
3,
00
0,
00
0
101
,00
0,0
00
101
,00
0,0
00
100
,00
0,0
00
(KG/
DAY)
N.
A.
N.
A.
80,60
0,000
(2,270,000)
90,
000
,00
0
(2,22
0,000
)
98
,5
00
,0
00
(2,
040
,00
0)
96,
000
,00
0
(1,
880
,00
0)
92,
800
,00
0
(1,
640
,00
0)
89,
000
,00
0
(1,80
0,000
)
(KG/
DAY)
10,
100
,00
0
(920,000)
10,
100
,00
0
(732,000)
8,40
0,00
0
(545
,000
)
8,04
0,00
0
(491
,000
)
6,
39
0,
00
0
(297
,000
)
7,73
0,00
0
(606
,000
)
4,
67
0,
00
0
(272,000)
5,
06
0,
00
0
(311
,000
)
8,77
0,00
0
(510
,000
)
9,00
0,00
0
(610
,000
)
(K
G/
DA
Y)
11,05
0,000
(7
96
,0
00
)
11,05
0,000
(743
,000
)
9,
37
0,
00
0
(6
59
,0
00
)
9,
49
0,
00
0
96
32
,0
00
)
8,87
0,00
0
(634
,000
)
9,
11
0,
00
0
(560
,000
)
9,
51
0,
00
0
(5
30
,0
00
)
9,
51
0,
00
0
(5
01
,0
00
)
8,63
0,00
0
(3
93
,0
00
)
8,400,000
(430,000)
(KG/
DAY)
22,
100
(3
,8
00
)
89,700
(7,
300
)
72,
500
(8,300)
71,200
(6,2
00)
41,
600
(4,200)
40,
300
(4,0
70)
45,000
(2,600)
30,
700
(3,
000
)
33,
200
(
3
,
6
0
0
)
28,000
(2,400)
(KG/DAY)
32,
200
(
6
,
2
0
0
)
37,
000
(7,200)
41
,6
00
(6,600)
19,
400
(2,3
00)
18,
400
(2,5
00)
12,000
(1,1
00)
11,
900
(
1
,
5
0
0
)
14,100
(1,800)
8,900
(820)
(KG/
DAY)
69,500
(
7
,
6
0
0
)
91,
700
(4,900)
89,900
(7,000)
143,000
(11,800)
151,000
(17,
000)
172
,00
0
(14,
400)
159,000
(9,
500
)
159
,00
0
(6,800)
202,000
(12,
100)
170
,00
0
(11,
000)
(KG/
DAY)
80,
400
(11,
800)
57,
100
(8,900)
67,
900
(9,900)
68,
300
(10,
400)
84,500
(11,
600)
84,200
(9,3
00)
60,100
(8,000)
72,800
(8,9
00)
75,800
(
9
,
0
0
0
)
59,000
(6,700)
(KG/
DAY)
322,000
(19,900)
350
,00
0
(24,400)
291
,00
0
(16,
300)
271,000
(17,900)
200,000
(10,600)
330
,00
0
(28,600)
231,000
(13,200)
208,000
(10,800)
235,000
(17,700)
320,000
(17,000)
(KG/
DAY)
1,140
(18
0)
610
(60)
90
0
(10
0)
3,100
(1,400)
91
0
(12
0)
99
0
(15
0)
880
(
1
2
0
)
1,200
(171)
1,200
(60)
1,600
(84)
(Masec)
5,4
30
5,600
6,030
6,060
6,260
6,350
6,790
6,820
6,640
6,640
 
‘
LB
S/
DA
Y
= K
G/
DA
Y
*
2.
21
N.A
. —
Not
Ava
ila
ble
.
Sum
mat
ion
of
Dis
sol
ved
Sol
ids
plu
s S
usp
end
ed
Sol
ids
Nit
rat
e (
N03
( n
itr
oge
n o
nly
for
WY
196
7 t
hro
ugh
Aug
ust
197
2.
Nitrate plu
s Nitrite (
N02) nitroge
n to present
.
 
 4
7
\ N.
A.
— “0
'; A
vail
able
.
CAN
ADI
AN
SOU
RCE
S
TA
BL
E
1:
10
DE
TR
OI
T
RI
VE
R
LO
AD
IN
G
BU
DG
ET
FO
R
WA
TE
R
YE
AR
19
76
Param
eter
In
du
st
ri
al
Mu
ni
ci
pa
l
Tr
ib
ut
ar
y
Tot
al
 
To
ta
l
Ph
os
ph
or
us
To
ta
l
Ni
tr
og
en
Di
ss
ol
ve
d
So
li
ds
Ch
lo
ri
de
s
Ph
en
ol
s
To
ta
l
Ir
on
Fl
ow
(m
a/
SE
C)
 
9
9
1,3
10
4,
82
0,
95
2
2,777
,977
4.
4
291
5.
1
 
117
1,4
80
77,
253
20,067
N.
A.
169
1.3
 
257
3,5
80
230
,55
7
31
,3
32
N.
A.
N.
A.
5
.
0
 
5,
12
8,
76
2
2,829,376
473
6,370
4.
4
46
0
11.4
 
La
ke
St
.
Cl
ai
r
 
DE
TR
OI
T
RI
VE
R
AMER
ICAN
SOUR
CES
La
ke
Erie
A1
1
Un
it
s
ar
e
ex
pr
es
se
d
as
ki
lo
gr
am
s
pe
r
da
y
(k
g/
da
y)
ex
ce
pt
fl
ow
.
De
tr
oi
t
Ri
ve
r
Fl
ow
=
66
40
ms
/S
EC
Param
eter
In
cr
ea
se
fr
om
He
ad
to
Mo
ut
h
Total
Input
Ac
co
un
te
d
Fo
r
Phenols
 
Tot
al
Pho
sph
oru
s
Tot
al
Nit
rog
en
Dis
sol
ved
Sol
ids
Ch
lo
ri
de
s
Tot
al
Iro
n
14,
705
54
,9
47
9,
75
3,
24
8
3,
93
6,
98
9
85
2
72,
563
 
 
13,
825
68,
438
7,95
9,53
3
3,
98
8,
57
4
74
8
62,
646
 
9
4
125
82
10
1
88
86
 
Param
eter
Industrial
Munic
ipal
Tribu
tary
Tot
al
To
ta
l
Ni
tr
og
en
Ch
lo
ri
de
s
Phenols
Tot
al
Iro
n
Flow (m3/SEC)
 
Tot
al
Pho
sph
oru
s
Di
ss
ol
ve
d
So
li
ds
827
3,2
60
886
,00
0
318
,00
0
2
1
7
5,230
111
 
11,
300
49
,8
00
1,118,910
627
,00
0
48
2
53
,6
00
46
 
1,2
25
9,0
08
825,861
214,198
5
5
3,356
47.3
 
 
13
,3
52
62,
068
2,83
0,77
1
1,
15
9,
19
8
754
62
,1
86
204
  
 CLEVELAND HARBOR
Fro
m M
ay
thr
oug
h N
ove
mbe
r
197
6,
the
Cit
y o
f
Cle
vel
and
,
Wat
er
Qua
lit
y
Lab
ora
tor
y,
con
duc
ted
17
sam
pli
ng
sur
vey
s
in
the
nea
rsh
ore
wat
ers
of
the
Cle
vel
and
are
a.
Dep
end
ing
on
wea
the
r c
ond
iti
ons
,
up
to
10
sta
tio
ns
wer
e
sam
ple
d a
t
mid
-de
pth
(1
met
er
bel
ow
sur
fac
e
for
phy
top
lan
kto
n)
wit
h
sub
seq
uen
t
ana
lys
is
for
as
man
y
as
35
dif
fer
ent
phy
sic
al,
che
mic
al,
bio
log
ica
l
and
mic
rob
iol
ogi
cal
par
ame
ter
s.
In
sit
u d
iss
olv
ed
oxy
gen
and
tem
per
atu
re
pro
fil
es
wer
e a
lso
det
erm
ine
d.
The
mon
ito
rin
g p
rog
ram
det
ect
ed
vio
lat
ion
s o
f A
gre
eme
nt
Obj
ect
ive
s a
nd/
or
Ohi
o E
PA
lak
e s
tan
dar
ds
at
var
iou
s t
ime
s f
or
dis
sol
ved
oxy
gen
,
tot
al
pho
sph
oru
s,
ino
rga
nic
nit
rog
en,
amm
oni
a,
fec
al
col
ifo
rm,
iro
n,
cop
per
, l
ead
and
zinc
.
Raw
wat
er
wit
hdr
awa
l b
y C
lev
ela
nd'
s
Cro
wn
Int
ake
Pla
nt
fro
m h
ypo
—
lim
net
hic
wat
ers
in
197
6 c
ont
inu
ed
to
cau
se
tas
tea
nd
odo
ur
pro
ble
ms
in
the western suburb's water supply.
LAKE ONTARIO
HAMILTON HARBOUR
The
re
hav
e b
een
imp
rov
eme
nts
in
the
har
bou
r's
wat
er
qua
lit
y.
Amm
oni
a
lev
els
hav
e d
ecr
eas
ed
as
a r
esu
lt
of
aba
tem
ent
and
an
inc
rea
se
in
nit
rog
en
fix
ati
on
as
a r
esu
lt
of
the
aer
ati
on
sys
tem
.
Tot
al
oxy
gen
con
ten
t
(st
ock
s)
wer
e s
lig
htl
y i
ncr
eas
ed
dur
ing
197
6 b
eca
use
of
art
ifi
cia
l m
ixi
ng.
Bac
ter
ia
lev
els
wer
e f
req
uen
tly
wit
hin
the
Agr
eem
ent
cri
ter
ion
lev
el
wit
h a
nnu
al
geometric means ranging from 22.5 to 98.5 counts/100 ml.
Dep
let
ion
of
oxy
gen
sto
cks
res
ult
ed
fro
m v
ery
hig
hwat
er
col
umn
oxy
-
gen
dem
and
s w
hic
h c
aus
ed
the
col
umn
to
app
roa
ch
ano
xia
.
Onl
y t
he
upp
er
two
met
ers
of
the
wat
er
col
umn
mee
t t
he
Agr
eem
ent
obj
ect
ive
of
6 m
g/l
.
Art
ifi
cia
l m
ixi
ng
has
bee
n i
mpl
eme
nte
d t
o s
tim
ula
te
rea
era
tio
n e
ffe
cts
.
To
dat
e,
onl
y s
mal
l i
mpr
ove
men
ts
in
oxy
gen
sto
ck
hav
e
bee
nno
ted
sin
ce
aera
tion
bega
n.
Sinc
e ox
ygen
dema
nd h
as b
een
foun
d to
be d
epen
dent
on
dissolved oxygen concentration, only small improvement was expected. A
lag effect until the oxygen deficit has been ameliorated.
Phosphorus levels aresuch that light limited algal crops of 300-
400
mg
chlo
roph
yll
a/m2
are
freq
uent
ly a
chie
ved.
Prod
ucti
on
is n
ot p
hos—
phorus limited as loadings of 2 mg m2/d would support the existing crop
levels. Actual loadings are well above this figure.
Bacterial levels have tended to decrease, and in 1976 the annual over-
all geometric mean of fecal coliforms as within the Agreement objective of
200 fecal coliform organisms per 100 ml. The 1976 decrease is probably
somewhat attributable to the meteorological conditions which resulted in
greater vertical mixing Fecal coliform counts were comparable throughout
the water column.
48
 Heavy metals such as iron were measured in 1976 with concentrations
as high as 1.5 mg/l and frequently exceed the Agreement criteria of 0.3 mg/l.
During the summer monthswhen effluents tend to flow across the harbour in
the epilimnion, open water stations attained levels of 0.45 mg/l. Zinc
toxicity remained a problem with concentrations up 430 pg/l being recorded.
Sediments exceed Agreement objectives recommended for dredging. Metals
such as iron, zinc, copper and magnesium are in excessive concentrations.
Loss on ignition also exceeds values which would be recommended for open
water disposal of dredged material. Distribution of sediment quality is
patchy, with the most polluted sediments deposited beneath deep water
columns.
TORONTO HARBOUR
Most
of t
he C
entr
al T
oron
to W
ater
fron
t wa
s fo
und
to h
ave
good
bact
erio
—
logi
cal
wate
r qu
alit
y wi
th t
he e
xcep
tion
of a
reas
rece
ivin
g st
orm
and
comb
ined
sewe
r ov
erfl
ow d
isch
arge
.
The
feca
l co
lifo
rm A
gree
ment
obje
ctiv
e of
200
cou
nts
/10
0 m
ls
was
exc
eed
ed
in
the
nor
the
rn
por
tio
n o
f t
he
Inn
er
Har
bou
r a
nd
in
Asb
rid
ges
Bay.
The
tot
al
col
ifo
rm
Agr
eem
ent
obj
ect
ive
vio
lat
ion
was
mor
e
ext
ens
ive
, c
ove
rin
g a
ppr
oxi
mat
ely
30%
the
har
bou
r a
nd
in
add
iti
on
inc
lud
ing
,
an
are
a e
ast
of
Ont
ari
o P
lac
e,
the
Shi
ppi
ng
Cha
nne
l a
nd
a s
ect
ion
in
the
Out
er
Har
bou
r.
Hig
h c
oun
ts
det
ect
ed
in
the
Out
er
Har
bou
r a
re
a r
esu
lt
of
Shi
ppi
ng
Cha
nne
l w
ate
rs
tra
nsf
err
ed
int
o t
he
Out
er
Har
bou
r t
hro
ugh
the
coo
lin
g
system of the Hearn Generating Station.
Thr
ee
dis
tin
ct
wat
er
mas
ses
,
wit
h
sig
nif
ica
ntl
y
dif
fer
ent
pho
sph
oru
s
co
nc
en
tr
at
io
n
we
re
de
te
ct
ed
in
the
Ce
nt
ra
l
To
ro
nt
o
Wa
te
rf
ro
nt
.
Th
e
hi
gh
es
t
ph
os
ph
or
us
le
ve
ls
(m
ea
n
94
ug/
l)
we
re
fo
und
in
th
e
no
rt
he
rn
se
ct
io
n
of
th
e
In
ne
r
Ha
rb
ou
r
an
d
we
re
as
so
ci
at
ed
wi
th
se
we
r
ov
er
fl
ow
s
an
d
Do
n
Ri
ve
r
di
sc
ha
rg
es
.
Th
e
re
st
of
th
e
In
ne
r
Ha
rb
ou
r
ha
d
ph
os
ph
or
us
le
ve
ls
co
mp
ar
ab
le
to
th
os
e
fo
un
d
in
th
e
Ou
te
r
Ha
rb
ou
r
(m
ea
n
54
ug
/l
).
Ar
ea
s
ou
ts
id
e
th
e
tw
o
ha
rb
ou
rs
ha
d
ph
os
ph
or
us
co
nc
en
tr
at
io
ns
si
mi
la
r
to
th
os
e
re
co
rd
ed
in
th
e
main lake (21 ug/l).
Th
e
me
an
an
nu
al
ph
os
ph
or
us
le
ve
ls
we
re
si
mi
la
r
to
th
os
e
fo
un
d
in
th
e
sp
ri
ng
,
wi
th
th
e
ex
ce
pt
io
n
of
an
ar
ea
ea
st
of
th
e
Ou
te
r
Ha
rb
ou
r
wh
er
e
a
le
ve
l
of
42
ug
/l
wa
s
ob
se
rv
ed
.
Th
is
ar
ea
is
un
de
r
th
e
in
fl
ue
nc
e
of
th
e
Ma
in
To
ro
nt
o
Se
wa
ge
Tr
ea
tm
en
t
Pl
an
t
di
sc
ha
rg
e
an
d
se
ve
ra
l
co
mb
in
ed
se
we
r
ov
er
fl
ow
s.
Hi
gh
es
t
ch
lo
ro
ph
yl
l
a
le
ve
ls
in
th
e
Ce
nt
ra
l
Wa
te
rf
ro
nt
we
re
re
co
rd
ed
in
Ap
ri
l
wh
en
th
e
Ou
te
r
Ha
rb
ou
r
ex
hi
bi
te
d
an
al
ga
l
bl
oo
m
ch
ar
ac
te
ri
ze
d
by
a
me
an
ch
lo
ro
ph
yl
l
a
co
nc
en
tr
at
io
n
of
31
ug
/l
.
El
ev
at
ed
te
mp
er
at
ur
es
(c
on
—
tr
ib
ut
ed
by
th
e
ge
ne
ra
ti
ng
st
at
io
n)
an
d
gr
ea
te
r
wa
te
r
cl
ar
it
y
ob
se
rv
ed
in
th
e
Ou
te
r
Ha
rb
ou
r
li
ke
ly
in
du
ce
d
th
e
pr
od
uc
ti
on
of
a
hi
gh
er
al
ga
l
bi
om
as
s
th
an
th
at
re
co
rd
ed
in
th
e
In
ne
r
Ha
rb
ou
r.
Th
is
di
ff
er
en
ce
in
ch
lo
ro
ph
yl
l
a
le
ve
ls
wa
s
de
te
ct
ed
on
ly
in
th
e
sp
ri
ng
.
ha
s
n
o
t
d
e
t
e
c
t
e
d
S
i
g
n
i
f
i
c
a
n
t
di
ff
er
en
ce
s
b
e
t
we
e
n
th
e
ha
rb
ou
rs
.
Th
e
m
e
a
n
ch
lo
ro
ph
yl
l
a
le
ve
l
in
th
e
ha
rb
ou
rs
wa
s
11
.5
ug
/l
as
op
po
se
d
to
3.
6
ug
/l
in
th
e
ne
ar
sh
or
e
wa
te
rs
re
mo
ve
d
fr
om
so
ur
ce
in
pu
ts
.
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An
al
ys
is
of
ye
ar
ly
ch
lo
ro
ph
yl
l
a
di
st
ri
bu
ti
on
 BAY OF QUINTE
I
m
p
r
o
v
e
m
e
n
t
s
i
n
w
a
t
e
r
q
u
a
l
i
t
y
c
o
n
d
i
t
i
o
n
s
i
n
t
h
e
B
a
y
of
Q
u
i
n
t
e
w
e
r
e
o
b
s
e
r
ve
d
d
ur
i
n
g
19
76
,
p
a
r
t
i
c
u
l
a
r
l
y
in
th
e
up
p
e
r
an
d
m
i
d
d
l
e
b
a
ys
as
to
ta
l
p
h
o
s
p
h
o
r
us
,
c
h
l
o
r
o
p
h
yl
l
a,
an
d
d
i
s
s
o
l
v
e
d
s
i
l
i
c
a
le
ve
ls
d
e
c
l
i
n
e
d
f
r
o
m
t
h
o
s
e
in
19
75
.
Me
an
to
ta
l
ph
os
ph
or
us
le
ve
ls
de
cl
in
ed
fr
om
89
to
70
ug
/l
,
at
B
e
l
l
e
v
i
l
l
e
an
d
f
r
o
m
56
to
45
U
g
/
l
at
H
a
y
Ba
y.
C
h
l
o
r
o
p
h
y
l
l
a
c
o
n
c
e
n
—
tr
at
io
ns
at
Tr
en
to
n
we
re
22
%
lo
we
r
th
an
th
os
e
in
19
75
.
Me
an
si
li
ca
co
nc
en
tr
at
io
ns
un
de
rw
en
t
th
e
gr
ea
te
st
ch
an
ge
si
nc
e
la
st
ye
ar
wi
th
a
de
cr
ea
se
of
50
%
at
al
l
st
at
io
ns
.
Th
e
im
pr
ov
em
en
ts
in
th
e
lo
we
r
ba
y
we
re
le
ss
pr
on
Ou
nc
ed
.
In
ge
ne
ra
l
19
76
re
su
lt
s
at
a
nu
mb
er
of
st
at
io
ns
we
re
si
mi
la
r
to
19
72
an
d
pr
ob
ab
ly
we
re
wi
th
in
th
e
ra
ng
e
of
na
tu
ra
l
se
as
on
al
fl
uc
tu
at
io
ns
.
Th
e
ph
os
ph
or
us
re
mo
va
l
pr
og
ra
m
ha
s
no
t
ye
t
ha
d
a
me
as
ur
ea
bl
e
effect on the bay.
Th
e
di
ss
ol
ve
d
ox
yg
en
pr
ob
le
m
of
th
e
bo
tt
om
wa
te
r
of
th
e
ba
y
ap
pe
ar
s
un
ch
an
ge
d
in
se
ve
ri
ty
,
ar
ea
l
ex
te
nt
,
or
du
ra
ti
on
fr
om
th
at
de
te
ct
ed
in
1975.
Ba
ct
er
io
lo
gi
ca
l
wa
te
r
qu
al
it
y
in
19
72
in
di
ca
te
d
vi
ol
at
io
ns
of
th
e
Ag
re
em
en
t
ob
je
ct
iv
es
.
Th
e
Mi
ni
st
ry
of
th
e
En
vi
ro
nm
en
t
wi
ll
re
as
se
ss
th
e
ba
ct
er
io
lo
gi
ca
l
wa
te
r
qu
al
it
y
of
th
e
Ba
y
in
th
e
su
mm
er
of
19
77
fo
ll
ow
in
g
th
e
co
mp
le
ti
on
of
re
me
di
al
me
as
ur
es
.
BUFFALO RIVER
Th
e
Bu
ff
al
o
Ri
ve
r
co
nt
in
ue
s
to
su
ff
er
fr
om
in
du
st
ri
al
an
d
mu
ni
ci
pa
l
di
sc
ha
rg
es
pl
us
fr
eq
ue
nt
ov
er
fl
ow
s
fr
om
th
e
Ci
ty
of
Bu
ff
al
o'
s
co
mb
in
ed
se
we
r
sy
st
em
.
Lo
w
ve
lo
ci
ty
an
d
po
or
fl
us
hi
ng
in
th
e
lo
we
r
ri
ve
r
re
su
lt
in
hi
gh
ba
ct
er
ia
l
co
un
ts
,
co
nt
ra
ve
nt
io
n
of
ph
en
ol
st
an
da
rd
s,
an
d
la
te
su
mm
er
de
pl
et
io
n
of
di
ss
ol
ve
d
ox
yg
en
de
sp
it
e
fl
ow
au
gm
en
ta
ti
on
by
th
e
La
ke
Er
ie
Co
ol
in
g
Wa
te
r
Pr
oj
ec
t.
Ph
en
ol
le
ve
ls
du
ri
ng
19
76
sh
ow
ed
a
de
fi
ni
te
de
cl
in
e
fr
om
pr
ev
io
us
ye
ar
s,
ra
ng
in
g
fr
om
<
l—
27
ug
/l
wi
th
a
me
an
of
2
ug
/l
.
To
ta
l
an
d
fe
ca
l
co
li
fo
rm
le
ve
ls
re
ma
in
co
ns
is
ta
nt
ly
hi
gh
,
ra
ng
in
g
fr
om
23
,0
00
—8
7,
00
0/
10
0
ml
.
an
d
90
—4
,6
00
/1
00
ml
.
re
sp
ec
ti
ve
ly
.
OSWEGO HARBOR
Wa
te
r
qu
al
it
y
in
Os
we
go
Ha
rb
or
ha
s
re
ma
in
ed
fa
ir
ly
st
ab
le
si
nc
e
19
70
,
as
in
di
ca
te
d
by
sa
mp
li
ng
re
su
lt
s
fr
om
th
e
Os
we
go
Ri
ve
r
an
d
th
e
ci
ty
's
wa
te
r
in
ta
ke
in
La
ke
On
ta
ri
o.
Di
ss
ol
ve
d
ox
yg
en
le
ve
ls
re
ma
in
ne
ar
sa
tu
ra
ti
on
ye
ar
—r
ou
nd
.
To
ta
l
co
li
fo
rm
co
un
ts
at
th
e
wa
te
r
in
ta
ke
ar
e
lo
w,
av
er
ag
in
g
ab
ou
t
20
/1
00
ml
.,
wh
il
e
fe
ca
l
co
li
fo
rm
co
un
ts
ha
ve
ge
ne
ra
ll
y
be
en
<2
/1
00
ml
.
In
pu
t
to
th
e
ha
rb
or
fr
om
th
e
Os
we
go
Ri
ve
r
co
nt
in
ue
s
to
be
hi
gh
in
ch
lo
ri
de
s,
av
er
ag
in
g
19
0
mg
/l
,
an
d
a
ge
ne
ra
l
tr
en
d
to
wa
rd
in
cr
ea
si
ng
ni
tr
at
es
an
d
de
cr
ea
si
ng
am
mo
ni
a
ha
s
be
en
no
te
d.
Be
ca
us
e
th
e
Os
we
go
Ri
ve
r
dr
ai
na
ge
ba
si
n
is
ba
si
ca
ll
y
eu
tr
op
hi
c,
en
ri
ch
me
nt
of
Os
we
go
Ha
rb
or
ma
y
be
ex
pe
ct
ed
to
co
nt
in
ue
de
sp
it
e
ma
jo
r
mu
ni
ci
pa
l/
in
du
st
ri
al
ab
at
em
en
t
pr
oj
ec
ts
un
de
rw
ay
at
Os
we
go
and Syracuse.
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 RESIDUAL AREAS
Residual areas are defined in Figure 1:1. A listing of those
nearshore areas with discussion is illustrated on Table 1:11.
NATURAL AREAS
Nea
rsh
ore
are
as
whe
re
the
re
are
no
kno
wn
man
—ma
de
sou
rce
s t
o t
he
wat
er
qua
lit
y p
rob
lem
are
des
ign
ate
d "
Nat
ura
l A
rea
s".
The
re
are
two
such areas.
NEA
RSH
ORE
ARE
A
FRO
M D
ULU
TH
TO
MON
TRE
AL
RIV
ER
(La
ke
Sup
eri
or)
Ea
si
ly
er
od
ib
le
de
po
si
ts
of
re
d
cl
ay
re
su
lt
in
he
av
y
su
sp
en
de
d
so
li
d
lo
ad
in
g
fr
om
th
e
dr
ai
na
ge
ar
ea
an
d
fr
om
be
ac
h
er
os
io
n.
An
al
ys
is
of
19
76
wa
te
r
ye
ar
da
ta
in
di
ca
te
s
th
at
th
e
su
sp
en
de
d
so
li
ds
lo
ad
in
gs
pe
r
un
it
dr
ai
na
ge
ar
ea
fr
om
th
e
Ne
ma
dj
i
an
d
Ba
d
ri
ve
rs
wh
ic
h
fl
ow
th
ro
ug
h
th
e
re
d
cl
ay
de
po
si
ts
is
tw
ic
e
th
at
fr
om
th
e
30
13
Br
ul
e
Ri
ve
r.
Th
es
e
va
lu
es
we
re
gr
ea
tl
y
in
fl
ue
nc
ed
by
th
e
dr
ou
gh
t
co
nd
it
io
ns
of
th
e
la
te
sp
ri
ng
an
d
ea
rl
y
su
mm
er
.
Th
e
lo
ad
in
gs
il
lu
st
ra
te
d
on
Ta
bl
e
lz
ll
we
re
ca
lc
ul
at
ed
us
in
g
th
e
ra
ti
o
es
ti
ma
to
r.
Wh
il
e
so
me
re
du
ct
io
n
co
ul
d
be
ma
de
in
th
es
e
lo
ad
in
gs
by
ap
pl
yi
ng
er
os
io
na
l
co
nt
ro
l,
th
e
am
ou
nt
of
cu
lt
iv
at
ed
ac
re
ag
e
is
so
sm
al
l
as
to
ma
ke
th
e
ov
er
al
l
im
pa
ct
ne
gl
ig
ab
le
.
TABLE 1:12
19
76
SU
SP
EN
DE
D
SO
LI
D
LO
AD
IN
GS
TO
TH
E
NE
MA
DJ
I,
BO
IS
BR
UL
E
AN
D
BA
D
RI
VE
RS
Su
sp
en
de
d
So
li
ds
Lo
ad
Su
sp
en
de
d
So
li
ds
Lo
ad
St
an
da
rd
De
vi
at
io
n
 
St
re
am
(k
g/
da
y/
km
z)
(kg
/da
y)
(k
g/
da
y)
Ne
ma
dj
i
35
.2
0
4.
33
x
10
“
10
.2
x
10
“
Bo
i
s
B
r
u
l
e
15
.1
4
7.
45
x
10
3
1.
5
x
10
“
B
a
d
34
.1
6
9.
66
x
10
“
47
.8
x
10
“
MUNISING HARBOUR (Lake Superior)
T
h
e
M
i
c
h
i
g
a
n
D
e
p
a
r
t
m
e
n
t
o
f
N
a
t
u
r
a
l
R
e
s
o
u
r
c
e
s
r
e
p
o
r
t
s
t
h
a
t
t
h
e
r
e
i
s
n
o
p
r
o
b
l
e
m
i
n
t
h
e
w
a
t
e
r
o
f
M
u
n
i
s
i
n
g
H
a
r
b
o
u
r
.
H
o
w
e
v
e
r
,
e
l
e
v
a
t
e
d
c
o
n
c
e
n
t
r
a
t
i
o
n
s
o
f
l
e
a
d
,
c
o
p
p
e
r
a
n
d
z
i
n
c
a
r
e
p
r
e
s
e
n
t
i
n
t
h
e
s
e
d
i
m
e
n
t
s
.
T
h
e
a
c
t
u
a
l
c
a
u
s
e
i
s
n
o
t
k
n
o
w
n
.
R
e
m
e
d
i
a
l
m
e
a
S
u
r
e
s
a
r
e
n
o
t
p
r
a
c
t
i
c
a
l
.
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TABLE
1:11
RESIDU
AL ARE
AS
 
LA
KE
BA
SI
N
RE
FE
RE
NC
E
AR
EA
PR
OB
LE
M
DI
SC
US
SI
ON
AN
D
DA
TA
SO
UR
CE
 
Su
pe
ri
or
Ma
ra
th
on
(A
)
PC
Bs
in
fi
sh
Fo
r
19
76
th
er
e
ar
e
no
ch
an
ge
s
to
re
po
rt
On
ta
ri
o
Pe
ni
ns
ul
a
Ha
rb
ou
r
fr
om
19
75
da
ta
re
ga
rd
in
g
PC
Bs
in
fi
sh
.
(M
OE
)
Re
fe
r
to
th
e
19
75
Ap
pe
nd
ix
B
fo
r
fu
rt
he
r
di
sc
us
si
on
.
Ni
pi
go
n
Ba
y
(A
)
Me
rc
ur
y
in
Th
e
On
ta
ri
o
Mi
ni
st
ry
of
th
e
En
vi
ro
nm
en
t
On
ta
ri
o
fi
sh
st
il
l
re
po
rt
s
hi
gh
me
rc
ur
y
le
ve
ls
in
fi
sh
.
(MO
E)
Dur
ing
197
5
fou
r
com
pos
ite
lak
e t
rou
t
sam
ple
s
con
sis
tin
g
of
fiv
e
fis
h
in
eac
h
sam
ple
con
tai
ned
a m
ean
mer
cur
y
con
cen
-
tr
at
io
n
of
0.
57
Hg
/k
g.
5
2
(A
)
Th
un
de
r
Ba
y
Me
rc
ur
y
in
Fo
r
19
76
th
er
e
ar
e
no
ch
an
ge
s
to
re
po
rt
On
ta
ri
o
fi
sh
fr
om
19
74
re
ga
rd
in
g
me
rc
ur
y
in
fi
sh
.
Re
fe
r
to
th
e
19
75
Ap
pe
nd
ix
B
fo
r
fur
the
r
dis
cus
sio
n.
Up
pe
r
Po
rt
ag
e
En
tr
y
(B)
Co
pp
er
an
d
El
ev
at
ed
re
si
du
al
le
ve
ls
of
co
pp
er
an
d
Mi
ch
ig
an
Zi
nc
in
zi
nc
ar
e
re
po
rt
ed
in
th
e
se
di
me
nt
s.
Th
is
(M
DN
R)
Se
di
me
nt
s
is
du
e
to
hi
st
or
ic
al
mi
ni
ng
op
er
at
io
ns
‘
th
at
ha
ve
ce
as
ed
.
‘
Re
me
di
al
me
as
ur
es
su
ch
as
dr
ed
gi
ng
wo
ul
d
be
im
pr
ac
ti
ca
bl
e
an
d
co
un
te
rp
ro
du
ct
iv
e
du
e
to
re
su
sp
en
si
on
of
se
di
me
nt
s.
Th
e
Mi
ch
ig
an
De
pa
rt
me
nt
of
Na
tu
ra
l
Re
so
ur
ce
s
pl
an
to
av
oi
d
di
st
ur
bi
ng
th
es
e
se
di
me
nt
s
so
th
ey
ca
n
sl
ow
ly
be
co
ve
re
d
by
ne
we
r
mate
rial
.
 
 
  
A — Re
ported
previo
usly i
n this
year's
Append
ix as
a prob
lem ar
ea for
differ
ent pa
ramete
rs.
B —
Res
idu
al
are
a w
as
not
rep
ort
ed
pre
vio
usl
y
in
thi
s y
ear
's
App
end
ix.
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TA
BL
E
1:
11
RESIDU
AL ARE
AS
LA
KE
BA
SI
N
R
E
F
E
R
E
N
C
E
AR
EA
PR
OB
LE
M D
IS
CU
SS
IO
N
AN
D
DA
TA
SOU
RCE
Hur
on
 
Pe
ne
ta
ng
Ba
y
(B)
 
Eu
tr
op
hi
ca
ti
on
(r
es
tr
ic
te
d
fl
ow
pa
tt
er
ns
)
Th
e
On
ta
ri
o
Mi
ni
st
ry
of
th
e
En
vi
ro
nm
en
t
re
po
rt
s
th
at
nu
is
an
ce
al
ga
e
gr
ow
th
st
il
l
pe
rs
is
ts
.
19
76
da
ta
in
di
ca
te
no
si
gn
if
ic
an
t
ch
an
ge
s
in
ch
lo
ro
ph
yl
l
a
le
ve
ls
wi
th
in
Pe
ne
ta
ng
Ba
y
re
la
ti
ve
to
19
74
da
ta
.
Sl
ig
ht
bu
t
no
ti
ce
ab
le
de
cr
ea
se
s
in
th
e
an
nu
al
to
ta
l
an
d
di
ss
ol
ve
d
re
ac
ti
ve
ph
os
ph
or
us
le
ve
ls
ov
er
ea
rl
ie
r
ye
ar
s
ar
e
ap
pa
re
nt
.
Re
me
di
al
pr
og
ra
ms
at
th
e
tw
o
di
sc
ha
rg
es
ha
ve
be
en
im
pl
em
en
te
d
an
d
th
e
de
la
y
in
ac
hi
ev
in
g
si
gn
if
ic
an
t
wa
te
r
qu
al
it
y
le
ve
ls
is
pr
ob
ab
ly
du
e
to
sl
ow
fl
us
hi
ng
ra
te
s
(r
es
ti
ct
ed
fl
ow
pa
tt
er
ns
).
Pho
sph
oru
s
ren
ewa
l
fac
ili
tie
s
are
now
op
er
at
io
na
l
at
bo
th
wa
st
e
tr
ea
tm
en
t
pl
an
ts
di
sc
ha
rg
in
g
in
to
th
e
ba
y
an
d
th
e
de
la
y
in
ac
hi
ev
in
g
ac
ce
pt
ab
le
wa
te
r
qu
al
it
y
is
a
re
su
lt
of
re
st
ri
ct
ed
ex
ch
an
ge
wi
th
wa
te
rs
of
Ge
or
gi
an
Ba
y.
  
Ont
ari
o
(MOE)
 
A
—
Re
po
rt
ed
pr
ev
io
us
ly
in
th
is
ye
ar
's
Ap
pe
nd
ix
as
a
pr
ob
le
m
ar
ea
fo
r
di
ff
er
en
t
pa
ra
me
te
rs
.
3 -
Pr
ob
le
m
are
a w
as
not
rep
ort
ed
pr
ev
io
us
ly
in
thi
s
yea
r's
App
end
ix.
 
  
5
4
  
TABLE
1:11
RE
SI
DU
AL
ARE
AS
LA
KE
BA
SI
N
RE
FE
RE
NC
E
A
R
E
A
PROBLEM
DISC
USSI
ON A
ND D
ATA
SOU
RCE
Er
ie
 
La
ke
St
.
C
l
a
i
r
(B)
 
Mercu
ry i
n
fish
and
se
di
me
nt
s
Me
rc
ur
y
le
ve
ls
in
fi
sh
ha
ve
ex
hi
bi
te
d
a
st
ea
dy
de
cl
in
e
fr
om
19
70
to
19
76
.
Ho
we
ve
r,
19
76
le
ve
ls
of
1.
64
pg
/g
in
no
rt
he
rn
pi
ke
,
1.
34
ug
/g
in
la
rg
em
ou
th
ba
ss
an
d
1.
19
ug
/g
in
sm
al
lm
ou
th
ba
ss
st
il
l
ex
ce
ed
th
e
0.
5
ug
/g
Ca
na
di
an
De
pa
rt
me
nt
of
He
al
th
an
d
We
lf
ar
e
gu
id
el
in
e
fo
r
hu
ma
n
co
ns
um
pt
io
n.
Me
rc
ur
y
in
th
e
se
di
me
nt
s
is
th
e
so
ur
ce
.
  
Ont
ari
o
(M
OE
)
 
A
— R
ep
or
te
d
pr
ev
io
us
ly
in
th
is
ye
ar
's
Ap
pe
nd
ix
as
a
pr
ob
le
m
ar
ea
fo
r
di
ff
er
en
t
pa
ra
me
te
rs
.
\ 3
— Pr
oble
m ar
ea w
as
not
repo
rted
prev
iOus
ly
in t
his
year
's A
ppen
dix.
  
 ASSESSMENTS OF WHOLE LAKE PROBLEMS
LAKE ONTARIO
Th
e
ge
ne
ra
l
wa
te
r
qu
al
it
y
of
La
ke
On
ta
ri
o
ha
s
no
t
ch
an
ge
d
si
gn
if
ic
an
tl
y
be
tw
ee
n
19
75
an
d
19
76
.
Th
ro
ug
ho
ut
19
76
,
th
e
to
ta
l
di
ss
ol
ve
d
so
li
ds
of
th
e
la
ke
re
ma
in
ed
at
21
8
mg
/l
,
as
in
th
e
10
pr
ev
io
us
ye
ar
s;
h
we
ve
r
th
e
av
er
ag
e
ch
lo
ri
de
co
nc
en
tr
at
io
n
in
19
76
di
d
de
cr
ea
se
by
1
mg
/l
to
27
.8
mg
/K
fr
om
th
e
28
.8
mg
/R
re
co
rd
ed
in
19
75
.
It
wa
s
no
t
po
ss
ib
le
to
de
te
rm
in
e
wh
et
he
r
th
is
di
ff
er
en
ce
is
re
al
or
re
fl
ec
ts
so
me
sa
mp
li
ng
an
om
ol
y.
Th
is
di
ff
ic
ul
ty
ma
y
be
ov
er
co
me
wi
th
th
e
sa
mp
li
ng
pr
og
ra
m
no
w
in
pl
ac
e.
Th
e
co
nc
en
tr
at
io
n
of
to
ta
l
ph
os
ph
or
us
re
ma
in
ed
un
ch
an
ge
d
in
19
76
,
av
er
ag
in
g
22
ug
/Z
in
th
e
sp
ri
ng
(A
pr
il
)
pe
ri
od
.
Li
ke
wi
se
,
th
e
ox
yg
en
co
nc
en
tr
at
io
n
in
th
e
la
ke
re
ma
in
ed
un
ch
an
ge
d
fr
om
19
75
;
al
th
ou
gh
a
si
ng
le
in
st
an
ce
of
lo
w
ox
yg
en
co
nc
en
tr
at
io
n
(1
.4
mg
/R
)
wa
s
de
te
ct
ed
in
th
e
bo
tt
om
wa
te
rs
of
th
e
we
st
er
n
en
d
of
th
e
la
ke
du
ri
ng
mi
d-
No
ve
mb
er
.
Th
is
is
ol
at
ed
in
st
an
ce
is
no
t
re
ga
rd
ed
as
a
pr
ob
le
m
at
th
is
ti
me
;
ho
we
ve
r,
it
wi
ll
re
qu
ir
e
ca
re
fu
l
su
rv
ei
ll
an
ce
in
th
e
fu
tu
re
.
Th
e
di
ss
ol
ve
d
ox
yg
en
pr
ob
le
m
in
th
e
bo
tt
om
wa
te
rs
of
Pr
in
ce
Ed
wa
rd
Ba
y
ap
pe
ar
s
un
ch
an
ge
d
in
se
ve
ri
ty
,
ar
ea
l
ex
te
nt
or
du
ra
ti
on
fr
om
th
at
de
te
ct
ed
in
19
75
.
In
su
mm
ar
y,
th
e
ch
em
ic
al
co
mp
os
it
io
n
of
th
e
op
en
wa
te
rs
of
La
ke
On
ta
ri
o
ap
pe
ar
s
vi
rt
ua
ll
y
un
ch
an
ge
d
fr
om
th
at
de
te
rm
in
ed
in
19
75
.
Ta
bl
e
su
mm
ar
iz
es
th
e
ch
lo
ro
ph
yl
l
a
(c
or
re
ct
ed
fo
r
ph
eo
pi
gm
en
ts
)
da
ta
co
ll
ec
te
d
du
ri
ng
th
e
19
76
s
a
m
p
l
i
n
g
s
e
a
s
o
n
o
n
L
a
k
e
O
n
t
a
r
i
o
.
It
ca
n
b
e
se
en
th
at
th
e
se
as
on
al
d
i
s
t
r
i
b
ut
i
o
n
of
th
e
m
e
a
n
c
h
l
o
r
o
p
h
yl
l
a
c
o
n
c
e
n
t
r
a
t
i
o
n
i
n
th
e
l
a
k
e
is
b
i
m
o
d
a
l
in
n
a
t
u
r
e
,
w
i
t
h
t
h
e
f
i
r
s
t
m
a
x
i
m
u
m
in
e
a
r
l
y
J
u
l
y
a
n
d
th
e
s
e
c
o
n
d
a
n
d
l
a
r
g
e
s
t
m
a
x
i
m
u
m
in
e
a
r
l
y
O
c
t
o
b
e
r
,
c
o
r
r
e
S
p
o
n
d
i
n
g
w
i
t
h
t
h
e
b
e
g
i
n
n
i
n
g
of
th
e
f
a
l
l
o
v
e
r
t
u
r
n
p
e
r
i
o
d
.
T
h
e
h
i
g
h
e
s
t
c
h
l
o
r
o
p
h
y
l
l
v
a
l
u
e
s
o
c
c
u
r
i
n
t
h
e
n
e
a
r
s
h
o
r
e
w
a
t
e
r
s
,
m
o
s
t
n
o
t
a
b
l
y
b
e
t
w
e
e
n
C
o
l
b
o
r
n
e
a
n
d
R
o
c
h
e
s
t
e
r
i
n
t
h
e
e
a
s
t
e
r
n
h
a
l
f
o
f
t
h
e
l
a
k
e
a
n
d
b
e
t
w
e
e
n
T
o
r
o
n
t
o
a
n
d
t
h
e
N
i
a
g
a
r
a
R
i
v
e
r
i
n
t
h
e
w
e
s
t
e
r
n
h
a
l
f
.
T
h
e
s
e
c
o
n
c
e
n
t
r
a
t
i
o
n
s
a
v
e
r
a
g
e
4
5
%
h
i
g
h
e
r
t
h
a
n
t
h
e
m
i
d
—
l
a
k
e
c
h
l
o
r
o
p
h
y
l
l
a
c
o
n
c
e
n
t
r
a
t
i
o
n
s
(
7
u
g
/
l
v
s
4
.
5
u
g
/
l
)
.
T
h
e
m
o
s
t
o
u
t
s
t
a
n
d
i
n
g
f
e
a
t
u
r
e
o
f
t
h
e
1
9
7
6
c
h
l
o
r
o
p
h
y
l
l
d
a
t
a
i
s
t
h
a
t
t
h
e
s
p
r
i
n
g
a
n
d
f
a
l
l
c
h
l
o
r
o
p
h
y
l
l
c
o
n
c
e
n
t
r
a
t
i
o
n
p
e
a
k
s
a
r
e
n
o
t
a
s
w
e
l
l
s
e
p
a
r
a
t
e
d
a
s
i
n
t
h
e
p
a
s
t
y
e
a
r
s
.
T
h
i
s
f
a
c
t
,
c
o
m
b
i
n
e
d
w
i
t
h
t
h
e
l
e
n
g
t
h
y
55
 Date
April 5-9
April 26-30
June 4-7
June 28—July 2
July 27—31
August l7—21
September 7—11
October 4-8
October 25—29
November 15—19
December 3—7
C
H
L
O
R
O
P
H
Y
L
L
a
D
A
T
A
F
O
R
L
A
K
E
O
N
T
A
R
I
O
1
9
7
6
Number of
Observations
86
92
9O
92
88
91
91
92
86
91
91
TABLE 1:13
V
a
l
u
e
s
i
n
u
g
/
l
 
A
r
i
t
h
m
e
t
i
c
S
t
a
n
d
a
r
d
M
e
a
n
D
e
v
i
a
t
i
o
n
4
.
0
4
.
3
3
.
8
3
.
2
5
.
7
2
.
7
6
.
4
2
.
0
6
.
5
2
.
9
4
.
9
1
.
6
6
.
4
2
.
6
8
.
8
3
.
1
4
.
2
2
.
4
3
.
7
2
.
8
2
.
9
2
.
0
56
Maximum
Value
19.
18.
17.
12.
16.
10.
22.
18.
23.
22.
10.
2
8
Minimum
Value
0.6
pe
ri
od
(e
ar
ly
Ju
ne
to
ea
rl
y
Oc
to
be
r)
of
hi
gh
ch
lo
ro
ph
yl
l
a
co
nc
en
tr
at
io
ns
(4
.4
to
8.
8
Ug
/l
),
su
gg
es
t
th
at
th
e
me
so
tr
op
hi
c
co
nd
it
io
n
of
La
ke
On
ta
ri
o
is
no
t
im
pr
ov
in
g.
Al
th
ou
gh
th
is
se
t
of
co
nd
it
io
ns
is
no
t
wo
rr
is
om
e
at
th
e
pr
es
en
t
ti
me
,
th
ei
r
pe
rs
is
te
nc
e
ov
er
th
e
ne
xt
fe
w
ye
ar
s
w0
u1
d
im
pl
y
a
de
te
ri
or
at
io
n
in
th
e
tr
op
hi
c
st
at
us
of
th
e
la
ke
.
Th
er
ef
or
e,
th
e
ch
lo
ro
ph
yl
l
a
wi
ll
be
mo
ni
to
re
d
ca
re
fu
ll
y
in
al
l
fu
tu
re
su
rv
ei
ll
an
ce
ac
ti
vi
ti
es
on
La
ke
Ontario.
Si
mi
la
r
re
ce
nt
al
te
ra
ti
on
s
in
ph
yt
op
la
nk
to
n
de
ns
it
ie
s
we
re
re
po
rt
ed
by
th
e
On
ta
ri
o
Mi
ni
st
ry
of
th
e
En
vi
ro
nm
en
t
ba
se
d
on
we
ek
ly
mo
ni
to
ri
ng
da
ta
fr
om
th
e
Br
oc
kv
il
le
wa
te
r
wo
rk
s
in
ta
ke
.
Wa
te
r
qu
al
it
y
me
as
ur
em
en
ts
at
Br
oc
kv
il
le
ar
e
co
ns
id
er
ed
in
di
ca
ti
ve
of
th
e
qu
al
it
y
of
wa
te
rs
le
av
in
g
La
ke
On
ta
ri
o.
Be
gi
nn
in
g
in
19
73
,
th
e
pe
ri
od
of
su
mm
er
mi
ni
mu
m
ph
yt
op
la
nk
to
n
de
ns
it
ie
s
ha
s
sh
or
te
nd
ed
(t
he
sp
ri
ng
ti
me
pe
ak
pe
ri
od
ha
s
ex
pa
nd
ed
)
wh
il
e
th
e
su
mm
er
bi
om
as
s
ha
s
in
cr
ea
se
d.
Th
e
on
go
in
g
na
tu
re
of
th
e
in
ta
ke
sa
mp
li
ng
pr
og
ra
m
wi
ll
al
lo
w
co
nt
in
uo
us
ob
se
rv
at
io
n
of
th
is
ap
pa
re
nt
tr
en
d
(N
ic
ho
ll
s,
1977).
GE
NE
RA
L
NE
AR
SH
OR
E
EU
TR
OP
HI
CA
TI
ON
AS
SE
SS
ME
NT
In
th
e
sp
ri
ng
,
th
e
n
e
a
r
s
h
o
r
e
zo
ne
e
xh
i
b
i
t
e
d
th
re
e
s
i
g
n
i
f
i
c
a
n
t
l
y
d
i
f
f
e
r
e
n
t
p
h
o
s
p
h
o
r
u
s
g
r
o
u
p
s
(
F
i
g
u
r
e
1:
6)
.
T
h
e
g
r
o
u
p
h
a
v
i
n
g
t
h
e
h
i
g
h
e
s
t
p
h
o
s
p
h
o
r
u
s
c
o
n
c
e
n
t
r
a
t
i
o
n
(
m
e
a
n
63
ug
/l
)
w
a
s
a
s
s
o
c
i
a
t
e
d
w
i
t
h
r
i
v
e
r
a
n
d
u
r
b
a
n
r
u
n
o
f
f
a
n
d
i
n
c
l
u
d
e
d
H
a
m
i
l
t
o
n
a
n
d
T
o
r
o
n
t
o
H
a
r
b
o
u
r
,
F
r
e
n
c
h
m
a
n
'
s
B
a
y
a
r
e
a
a
n
d
t
h
e
s
h
o
r
e
l
i
n
e
b
e
t
w
e
e
n
O
a
k
v
i
l
l
e
a
n
d
T
o
r
o
n
t
o
.
T
h
e
h
i
g
h
l
y
e
l
e
v
a
t
e
d
p
h
o
s
p
h
o
r
u
s
l
e
v
e
l
s
i
n
t
h
e
O
a
k
v
i
l
l
e
to
T
o
r
o
n
t
o
a
r
e
a
w
e
r
e
c
o
n
f
i
n
e
d
t
o
a
n
a
r
r
o
w
b
a
n
d
,
a
p
p
r
o
x
i
m
a
t
e
l
y
3
k
m
w
i
d
e
,
a
n
d
l
i
k
e
l
y
a
s
s
o
c
i
a
t
e
d
w
i
t
h
t
h
e
t
h
e
r
m
a
l
b
a
r
.
M
e
a
n
p
h
o
s
p
h
o
r
u
s
l
e
v
e
l
s
(
2
9
u
g
/
l
)
w
e
r
e
o
b
s
e
r
v
e
d
a
l
o
n
g
t
h
e
s
h
o
r
e
l
i
n
e
b
e
t
w
e
e
n
B
r
o
n
t
e
C
r
e
e
k
a
n
d
D
u
f
f
i
n
C
r
e
e
k
a
n
d
i
n
t
h
e
p
l
u
m
e
z
o
n
e
s
o
f
N
i
a
g
a
r
a
R
i
v
e
r
,
W
e
l
l
a
n
d
C
a
n
a
l
a
n
d
1
2
M
i
l
e
C
r
e
e
k
.
L
e
v
e
l
s
c
o
m
p
a
r
a
b
l
e
t
o
t
h
o
s
e
o
f
o
p
e
n
l
a
k
e
w
a
t
e
r
s
p
h
o
s
p
h
o
r
u
s
(
m
e
a
n
1
9
u
g
/
l
)
w
e
r
e
r
e
c
o
r
d
e
d
w
e
s
t
o
f
S
t
.
C
a
t
h
e
r
i
n
e
s
a
l
o
n
g
t
h
e
s
o
u
t
h
s
h
o
r
e
,
e
a
s
t
o
f
D
u
f
f
i
n
C
r
e
e
k
a
l
o
n
g
t
h
e
n
o
r
t
h
s
h
o
r
e
a
n
d
i
n
t
h
e
d
e
e
p
e
r
p
o
r
t
i
o
n
s
o
f
t
h
e
n
e
a
r
s
h
o
r
e
z
o
n
e
.
T
o
t
a
l
p
h
o
s
p
h
o
r
u
s
l
e
v
e
l
s
(
F
i
g
u
r
e
1
:
7
)
i
n
t
h
e
s
h
a
l
l
o
w
n
e
a
r
s
h
o
r
e
w
a
t
e
r
s
(
u
p
t
o
1
2
m
d
e
p
t
h
c
o
n
t
o
u
r
)
d
e
c
l
i
n
e
d
b
y
a
p
p
r
o
x
i
m
a
t
e
l
y
2
0
%
i
n
t
h
e
s
u
m
m
e
r
w
h
i
l
e
t
h
e
d
e
e
p
e
r
w
a
t
e
r
s
d
i
d
n
o
t
e
x
h
i
b
i
t
a
s
i
m
i
l
a
r
d
e
c
l
i
n
e
u
n
t
i
l
t
h
e
f
a
l
l
.
H
i
g
h
e
s
t
c
h
l
o
r
o
p
h
y
l
l
a
v
a
l
u
e
s
w
e
r
e
o
b
s
e
r
v
e
d
i
n
A
p
r
i
l
,
r
e
f
l
e
c
t
i
n
g
t
h
e
s
p
r
i
n
g
p
h
y
t
o
p
l
a
n
k
t
o
n
b
l
o
o
m
.
F
o
u
r
d
i
s
t
i
n
c
t
w
a
t
e
r
m
a
s
s
e
s
h
a
v
i
n
g
s
i
g
n
i
f
i
c
a
n
t
l
y
d
i
f
f
e
r
e
n
t
c
h
l
o
r
o
p
h
y
l
l
a
c
o
n
c
e
n
t
r
a
t
i
o
n
s
w
e
r
e
d
e
t
e
c
t
e
d
i
n
s
p
r
i
n
g
(
F
i
g
u
r
e
1
:
8
)
.
T
h
e
g
r
o
u
p
e
x
h
i
b
i
t
i
n
g
t
h
e
h
i
g
h
e
s
t
c
h
l
o
r
o
p
h
y
l
l
a
v
a
l
u
e
s
(
m
e
a
n
1
3
.
7
u
g
/
l
)
w
a
s
c
o
n
f
i
n
e
d
t
o
e
m
b
a
y
m
e
n
t
s
(
H
a
m
i
l
t
o
n
H
a
r
b
o
u
r
,
T
o
r
o
n
t
o
H
a
r
b
o
u
r
)
a
n
d
t
o
a
n
a
r
e
a
r
e
c
e
i
v
i
n
g
h
e
a
t
e
d
e
f
f
l
u
e
n
t
f
r
o
m
a
g
e
n
e
r
a
t
i
n
g
s
t
a
t
i
o
n
(
P
i
c
k
e
r
i
n
g
G
.
S
.
n
e
a
r
F
r
e
n
c
h
m
a
n
'
s
B
a
y
)
.
H
i
g
h
l
y
e
l
e
v
a
t
e
d
p
h
o
s
p
h
o
r
u
s
l
e
v
e
l
s
a
n
d
h
i
g
h
e
r
t
e
m
p
e
r
a
t
u
r
e
s
w
e
r
e
l
i
k
e
l
y
r
e
s
p
o
n
s
i
b
l
e
f
o
r
t
h
e
s
e
p
l
a
n
k
t
o
n
b
l
o
o
m
s
.
T
h
e
s
p
r
i
n
g
d
i
s
t
r
i
b
u
t
i
o
n
o
f
c
h
l
o
r
o
p
h
y
l
l
a
a
l
o
n
g
t
h
e
r
e
m
a
i
n
i
n
g
p
o
r
t
i
o
n
o
f
t
h
e
C
a
n
a
d
i
a
n
s
h
o
r
e
l
i
n
e
w
a
s
s
t
r
o
n
g
l
y
r
e
l
a
t
e
d
t
o
w
a
t
e
r
d
e
p
t
h
.
T
h
e
h
i
g
h
e
s
t
l
e
v
e
l
s
w
e
r
e
r
e
c
o
r
d
e
d
a
t
t
h
e
s
h
a
l
l
o
w
e
s
t
s
t
a
t
i
o
n
s
(
m
e
a
n
o
f
9
u
g
/
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Chlorophyll a levels in the shallow (up to 12 m depth) zone decreased
sharply in the summer and remained depressed throughout the sampling period.
The deeper zones, on the other hand, showed increasing chlorophyll at levels
with the effect, that the sharp inshore - offshore gradient established
in the spring disappeared by the summer (Figure 1:9).
BACTERIOLOGICAL CONDITIONS
 
The Ontario Ministry of the Environment observes considerable improvement
in bacteriological water quality at public beaches in 1976. The yearly mean
of fecal coliforms was within the Agreement objective at all beach locations
surveyed. The findings were similar for total coliforms with the objective
being exceeded at only a few locations near Toronto, Etobicoke and Hamilton.
This observed improvement in bacteriological water quality may be partly
attributed to unseasonably cold weather during 1976. The below normal summer
temperatures could exert a bacteriostatic effect on the nearshore bacterial
populations.
The Canadian Department of Fisheries and the Environment reports that
its 1976 assessment of the trophic indicator, aerobic heterotrophs, indicated
little change over the 1975 conditions. Major areas of nutrient enrichment
were found to be the Niagara River mouth (10,000 counts/ml), Rochester
(1,100 counts/m1), Port Hope (1,100 counts/m1) and the western end of Lake
Ontario (Hamilton—Burlington Area(1,000 counts/ml)).
LAKE ERIE
With large inputs of nutrients resultingin overabundances of algae,
cultural enrichmentof Lake Erie continues to be of primary concern. Upon
settling to the bottom an algal biomass creates an excessive oxygen demand
during decomposition. Large areas of the hypolimnion can experience severe
oxygen depletion as a result.
The annual surveillance data collected on the lake since 1970 by
Canadian and U.S. agencies were used to evaluate water quality.
WESTERN AND CENTRAL BASINS
Oxygen Depletion:
In the Water Quality Board's 1975 Report, it was noted that a marked
reduction in the anoxic areaof the Central Basin had occurred with only
4% of the hypolimnion being anoxic. However, it was suggested that this
reduction was a temporary improvement due to an unusually calm and warm
spring which resulted in the formation of an uncommonly large hypolimnion.
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 The
1976
data
supports
this
suggestion.
In
late
August
of
1976
approximately
63%,
or
7300
kmz,
of
the
Central
Basin
hypolimnion
was
anoxic;
this
area
is
illustrated
in
Figure
1:10.
This
area
is
less,
however,
than
in
1974
when
87%
of
the
hypolimnion
became
anoxic
or
than
in
1973
with
94% anoxic.
An
indication
of
the
processes
at
work
is
given
by
the
data
in
Table
1:14.
In August
1976
the
hypolimnion was
less
than half
as
thick
as
in
1975
—
3 meters
compared
to
6.8 meters
—
largely due
to meteorological
variation.
The
relatively
thin
1976 bottom layer was
more easily
depleted
than
in 1975,
as
is
shown by
the
respective daily
loss
rates
of
0.13 mg
02/2 and 0.10 mg 02/£, with a resultant enlarged anoxic area.
Another
reason for the enlarged area may be the slight increase from 0.067 mg02/cm2
to 0.075 mg02/cm2 in the areal rate of daily oxygen loss in the hypolimnion.
The data in Table 1:15 indicate that there has been a progressive increase
in the areal net oxygen demand rate since 1930.
Given the present areal
oxygen demand rate in the basin, which results from overabundance of algae,
it now appears that spring wind conditions and the time of initial strat-
ification — which determine hypolimnion volume — and the number of days of
stratification are additional important factors influencing the extent and
duration of anoxic conditions.
It should be emphasized that these are important factors given the
present areal omygen demand rate. An analysis of 1928 wind conditions showed
them to be normal and similar to conditions in 1974 where a near maximum
anoxic area was observed. However, no anoxia was discerned under the 1928
meterological conditions. 1
Total Phosphorus:
Total phosphorus concentrations in the Western and Central Basins for
the year 1970—76, as estimated from the means of cruise data, are shown
in Figures 1:11 and 1:12. Estimates of the total mass of phosphorus in
the Basins, calculated from these data and estimated basin water volumes,
are shown in Figures 1:13 and 1:14.
Figures 1:11 and 1:13 suggest that both phosphorus concentration and
mass may have been increasing in the Western Basin since 1973 or 1974.
Similarly, Figures 1:12 and 1:14 suggest like increases in the Central
Basin.
 
Despite the wide variability in mean concentrations observed among
cruises in a given season, significant upward trends were discerned for
both phosphorus concentration and mass in the Central Basin since 1973 — 5
though not in the Western Basin — when significance testing was conducted
with a = 0.05 using linear regression to test for trend. In addition to the
linea
r re
gress
ion m
odel
a mor
e so
phist
icate
d sta
tisti
cal m
odel,
which
accou
nts
1
for
seaso
nal v
ariab
ility
, wa
s use
d to
test
for t
rend.
The s
ame s
ignif
icant
.
resul
ts we
re o
btain
ed as
with
linea
r reg
ressi
on.
The p
robab
ility
of a
Type
I
[
error in these tests, a = 0.05, is approximate since the tests were suggested I
1‘
following examination of the data.
 
TABLE
1:14
COMPA
RISON
OF 19
73,
1974
AND
1975
CHARA
CTERI
STICS
OF HY
POLIM
NION
IN CE
NTRAL
LAKE
ERIE
 
JUNE
JULY
.
AUGU
ST
SEPT
EMBE
R
NET
OXYG
EN D
EMAN
D
loss/
day
loss/
day
(mgoz lemz
) (mg0
2 / 2)
Thick
D0
Temp
Thick
D0
Temp
Thick
D0
Temp
Thick
D0
Temp
Rate
per
Rate
per
WEAR
(m)
(mg/
l)
(°C)
(m)
(mg/
1)
(°C)
(m)
(mg/
l)
(°C)
(m)
(mg/
l) (
°C)
unit
area
unit
volu
me
1970
—
—
-
-
-
-
-
-
-
—
-
-
0.03
9
0.13
(P
ro
je
ct
Hy
po
)
1973
-
-
-
5.0
4.9
10.3
4.4
1.6
11.9
3.0
1.1
13.8
0.05
3
‘
0.12
 
6
4
 
1974
6.2
9.9
8.8
4.6
5.2
11.8
4.3
2.1
13.5
-
—
-
0.06
0
0.13
197
5
7.7
10.
0
6.5
6.7
7.8
7.7
6.8
3.3
10.
2
-
—
—
0.0
67
0.1
0
1976
6.6
9.6
9.4
6
—
—
3.0
0.7
13.7
-
-
—
0.07
5
0.13
         
 
   
 
 TABLE 1:15
NET
OXYGEN
DEMAND
OF
THE
CENTRAL
BASIN
HYPOLIMNION
OF
LAKE
ERIE,
1930—1976
 
YEAR NET OXYGEN DEMAND
Rate
Per
Unit
Area
Rate
Per
Unit
Volume
(m8 02/Cm,daY) (mg 02/2,day)
Central
Central
Basin
Basin
1930
0.008
0.054
1940
0.015
0.067
1950
0.025
0.070
1960 0.037 0.093
1970 0.039 0.13
1973 0.053 0.12
1974 0.060 0.13
1975 0.067 0.10
1976 0.075 0.13
 
  
 
 
TABLE 1:16
NET OXYGEN DEMAND OF THE
EASTERN BASIN HYPOLIMNION OF LAKE ERIE, 1973-1976
 
NET OXYGEN DEMAND
 
Rate Per Unit Area
Rate Per Unit Volume
(mg 02/£,day)
 
Year Julian Days (mg 02/Cm, daY)
1973 185-284 0.023 0.012
1973 191-273 .020
1974 155-282 0.095 0.040
189-282 _0.018 0.011
1975 153-261 0.076 0.040
1976 195-215 .047
195-271 .016
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There is therefore evidence that phosphorus concentrations and mass
have been increasing in the Central Basin over the past four years and at
least a suggestion that they have also been increasing in the Western Basin.
In neither Basin is there any indication that the phosphorus situation has
been improving. Therefore, the need still exists for limitation of phosphorus
inputs to the Lake so that algal concentrations and the resultant oxygen
depletion will be controlled.
Chlorophyll:
Annual mean corrected chlorophyll a concentrations, a measure of
phytoplankton biomass, are given in Figures 1:15 and 1:16 for the Western
and Central Basins, 1973—1976. No trend is discernable in either basin
for this highly variable parameter.
EASTERN BASIN
Dissolved Oxygen:
Data on net oxygen demand of the Eastern Basin hypolimnion for 1973—
1976 is given in Table 1:16. The data is presented by sampling seasons,
and in some years, by portions of sampling seasons. No pattern of limno—
logical change is evident from these highly variable measurements.
Total Phosphorus:
Tota
l ph
osph
orus
conc
entr
atio
ns i
n th
e Ea
ster
n Ba
sin
for
the
year
1973
-
1976
, as
esti
mate
d fr
om t
he m
eans
of c
ruis
e da
ta,
are
show
n in
Figu
re 1
:17.
No trend is discernable from these data.
Chlorophyll:
Ann
ual
mea
n
cor
rec
ted
chl
oro
phy
ll
a c
onc
ent
rat
ion
s
for
the
Eas
ter
n
Bas
in,
197
3—1
976
are
giv
en
in
Fig
ure
1:18
.
The
re
is
no
evi
den
t t
ren
d.
  
  
          
6
8
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FIGURE
1:10
LA_KE EHIE
BOTTOM DISSOLVED OXYGEN
CRUISE — AUGUST 21 -29, 1976
Contour Interval: 1ppm
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LAKE MICHIGAN
The following evaluation is an overview of the data available from
the first year of the two year intensive Lake Michigan survey. At this
time data will be evaluated from the southern basin only. The purpose
is to establish preliminary trends in general open lake water quality
conditions by comparing this year's information with previously published
data
.
It d
oes
not
incl
ude
form
al s
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g qu
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y
control, spacial distributions, inter-parameter correlations or detailed
stud
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of t
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f th
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will
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in t
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port
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ll c
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GREAT LAKES SURVEIL
LANCE BRANCH
LAKE
MICHI
GAN
CHLORI
DE TREN
DS
U.S. ENVIRONMENTAL P
ROTECTION AGENCY
‘
Region V
Chicago,
III.
1
  
 State water quality standards for chloride in Lake Michigan are
10 mg/l in Indiana, and 12 mg/l in Illinois.
If the present rate is
0.11 mg/l per year the Michigan and Indiana standards will be violated
by 1992.
Until recently, the increasing level of chloride in Lake Michigan has
not been a major concern since Chloride levels were not considered to effect
water use until they reach 250 mg/l. However, Stoermer (1977) has hypo-
thesized that a "biologic breakpoint" exists between 7.5 and 10.0 mg/l
chloride which may cause a shift of plankton species from present forms to
species more tolerant of brackish waters. These forms are filomentous
Stephanodiscus species which may cause filter clogging at water intakes
and taste and odor problems.
Phytoplankton data is fragmentary at this time, but Stephanodiscus
were found in 2 of 13 samples during cruise 1 and 2 of 26 samples north
of Milwaukee (both near Manitowoc) on cruise 2. During cruise 2
Stephanodiscus were also found in 10 of 16 samples from the southernmost
transect and had higher populations in the bottom samples. On cruise 5
Stephanodiscus were found in 2 of 13 samples from open lake stations 18
and 19. Both positive samples were bottom samples.
The highest populations of Stephanodiscus were found on the southern
transect which has a mean chloride concentration of 8.56 mg/l as opposed to 1
the overall mean for the southern basin open waters of 8.19 mg/l. Stoermer g
has noted that Stephanodiscus are more prevalent at the southern tip of
the lake and along the Michigan shoreline in the vicinity of industrial
chloride discharges. Research continues on this hypothesis.
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 TROPHIC STATE
The definition of the trophic state of a lake has been primarily a
subjective process. There is general agreement that eutrophication is an
aging process and that young or oligotrophic lakes are nutrient poor and
old or eutrophic lakes are nutrient rich. Figure 1:21 summarizes some of
the methods used to classify lakes.
Table 1:17 characterizes the lake according to four criteria, phyto—
plankton, zooplankton, chlorophyll a and total phosphorus. These four
criteria indicate that the open waters of the southern basin are on the
border between oligotrophy and mesotrophy. The nearshore waters are clearly
mesotrophic. The open waters at the extreme southern end are definitely
mesotrophic. The open waters in the transition area between the northern
and southern basins of the lake are still somewhat oligotrophic.
MICROBIOLOGY
Previous studies on the distribution of bacterial densities in Lake
Michigan (Water Quality Investigations — Lake Michigan Basin, 1968) have
shown that the central portion of the lake was virtually free of any detectable
levels of coliform bacteria. Heterotrophic counts average approximately 5 per
1 ml. Bacterial densities were shown to increase sharply in nearshore zones,
especially in harbor areas where organic loadings to the lake were the most
pronounced.
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TABLE 1:17
SUMMARY OF AVAILABLE BIOLOGICAL DATA FOR THE U.S. EPA—GLSB 1976 SAMPLING PROGRAM
PHYTOPLANKTON
no./m1
ZOOPLANKTON
CHLOROPHYLL A
no./cm3
mg/m3
no./1
TOTAL
PHOSPHORUS
u
g
/
l
 
Microcrustacea
Rotifiers
Depth
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Trophic
Level
Trophic
Level
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c
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Trophic
Station #
Level
Type
Avg.
Avg.
Avg.
Avg.
Trophic
Avg.
Level
26
open water
138
2048
O/M
6
M
212
M
1.1
0
18
open water
167
4340
M
21
M
139
M
2.6
O/M
6
open water
70
4116
M
10
M
110
M
2.0
0
6.8
O/M
7
O/M
6.5
O/M
Open Water Station Averages
(3501)
(12)
(154)
(1.9)
21
nearshore
13
5507
M
6
M
246
M/E
1.8
0
9
nearshore
37
4850
M
11
M
437
E
2.6
O/M
6a
nearshore
28
4437
M
7
M
204
M
2.1
0
(6.8)
8.6 M
8.6 M
8.6 M
Nearshore Station Averages
(4931)
(8)
(296)
(2.2)
(8.6)
Southern End
1
20
6687
M
12
M
143
M
3.7
M
    
7.3
O/M
  
Trophic
Levels:
0
=
Oligotrophic,
M
=
Mesotrophic,
E
=
Eutrophic
(Refer
to
Figure
1:21)
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—
0.
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71
6.
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—
0.
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72
4.
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0.
18
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0.
28
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1.
33
5.
57
0.
28
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4.
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0.
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Coho salmon
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.8
2
—
0.
21
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14
.0
3
—
0.
12
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-
0.
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72
7.
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.9
3
0.
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7
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19
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.4
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3.
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.7
7
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Lake trout
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1
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3
0.
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8.
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22
.9
0
0.
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.2
8
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 The results of this study seem to indicate that any organic enrichment
of Lake Michigan is a problem that basically affects the nearshore zones,
particularly around Manitowoc and in the southernmost quadrant of the lake.
The low levels of heterotrophs in the central waters of Lake Michigan seem
to indicate that this area of the open lake is presently not significantly
affected by any organic loadings from nearshore areas.
FISH CONTAMINANTS
Interpretation of contaminant data continues to be difficult due to
lack of an overall surveillance design. The only available trend—through—
time data available for interpretation are those provided by U.S. Fish and
Wildlife Service for lakes Michigan and St. Clair and by the Ontario
Ministry of the Environment for Lake St. Clair. The following general
observations are made from these and other data (on edible portions)
submitted by state agencies and the Province of Ontario.
POLYCHLORINATED BIPHENYLS (PCBS)
This contaminant continues to be a problem in Great Lake fishes,
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 TABLE 1:19
Mean concentrations (Hg/g,fillets) of mercury in
Lake St. Clair fishes
(Ontario Ministry of Environment data)
Species 1970 1971 1972 1973 1974 1975 1976
Walleye 2.3 1.8 1.4 1.1 1.2 0.8 0.9
Northern Pike 4.4 4.9 4.4 2.7 2.5 1.8 1.6
Channel Catfish 1.4 1.7 1.3 1.0 0.9 0.7 0.8
White Bass 2.2 2.4 1.9 1.2 0.8 0.7 0.9
Bluegill 2.2 1.7 1.2 0.9 0.8 0.7 0.6
Rock Bass — 4.1 2.2 1.1 1.1 0.8 1.1
Carp
-
1.6
1.1
0.9
0.7
0.6
0.8
Yel
low
Per
ch
—
—
-
0.6
0.4
0.6
1.0
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 TABLE 1:20
ORGANOCHLORINE RESIDUES IN LAKE ONTARIO BIOTAa
(HG/G WET WEIGHT)
ALEWIFEb COHO SALMONC HERRING GULLd
RESIDUE AND SMELT MUSCLE LIVER EGG
PCBe 1.11 5.77 2.31 133
DDE 0.19 0.97 0.41 17.4
DDD 0.047 0.11 0.075 0.16
Mirex 0.046 0.23 0.10 4.40
Photomirex 0.034 0.19 0.042 2.04
HCB 0.012 0.097 0.065 0.52
B—HCH 0.002 0.012 0.010 0.078
Y—chlordane 0.010 0.016 0.015 N.D.
a—chlordane 0.023 0.034 0.025 0.12
Oxychlordane 0.010 0.016 0.013 0.197
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 cont
ents
of a
dult
coho
salm
on),
coho
salm
on,
and
Herr
ing
Gull
s (
Nors
trom
35
al.
, 1
977
).
Fou
r c
ont
ami
nan
ts:
PCB
s,
DDE
, m
ire
x a
nd
pho
tom
ire
x p
re-
dom
ina
ted
in
all
spe
cie
s (
Tab
le
1:2
0).
Lev
els
in
coh
o s
alm
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wer
e f
ive
tim
es
hig
her
and
in
Her
rin
g G
ull
egg
s 9
0 t
o 1
20
tim
es
hig
her
tha
n i
n
ale
wiv
es
and
sme
lt.
The
rat
ios
of
PCB
s,
mir
ex
and
pho
tom
ire
x t
o D
DE
wer
e
not
sig
nif
ica
ntl
y d
iff
ere
nt
amo
ng
the
thr
ee
gro
ups
.
The
sim
ila
rit
ies
of
the
se
rat
ios
in
bot
h H
err
ing
Gul
ls
and
coh
o s
alm
on
(an
ope
n l
ake
pre
dat
or
feed
ing
on a
lewi
ves
and
smel
t)
Sugg
est
a co
mmon
sour
ce o
f co
ntam
inat
ion.
Stro
ng c
orre
lati
ons
have
been
esta
blis
hed
betw
een
high
conc
entr
atio
ns
or
org
ano
chl
ori
ne
com
pou
nds
and
poo
r r
epr
odu
cti
ve
suc
ces
s f
or
man
y t
op
pred
ator
s.
Herr
ing
Gull
stud
ies
in 1
975
(Gil
man
g£_a
l.,
1977
) re
veal
ed
almo
st t
otal
repr
oduc
tive
fail
ure
of L
ake
Onta
rio
colo
nies
, c
hara
cter
ized
by significant decreases in egg hatchability, observed clutch size, and
survival of chicks. The major causes of egg failure were disappearance
of eggs from the nest and embryonic mortality. Qualitative observations
made in 1975 and quantified in 1976 indicate that Lake Ontario adult gulls
show behavioural abnormalities such as reductions in nest defence and
incubation attentiveness (Fox 2; al., 1977). Such behavioural changes
permit increased egg predation and fail to provide optimum incubation
conditions for the development of the embryo. Hormonal changes in breeding
adults are a probable cause of the behavioural abnormalities observed.
Other species of fish-eating birds are also seriously affected.
The Double—crested Cormorant population has declined by 90—95% in Lake
Ontario and up to 60% in Georgian Bay in eight years. This species suffers
from the well—documented thin eggshell problem. Only one small colony
of these birds can now be found on Lake Ontario. The Blackcrowned High
Heron shows consistently poor reproductive success on Lake Ontario and
also lays eggs that readily crack and dent (Price 1976). The large Common
Tern colony at Presqu'ile has now diminished to several pairs.
A recent report by Gilbertson gt a; (1976) discusses the increased
incidence of chick deformities (crossed bills, skeletal anomalies, opthalmic
lesions) in several fish—eating bird species (gulls, terns and herons)
in the lower Great Lakes. Controlled laboratory studies of birds fed
PCB, DDT and DDE have shown these compounds are related to embryonic
mortality and deformity.
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CLADOPHORA'
The distribution of Cladophora in the Great Lakes is summarized in
Appendlx
B of
the Water Quality
Report
for
1975.
As no new
information
was obtained this year,
that report still contains the present status of
knowledge.
OIL SPILLS TO THE GREAT LAKES
Table 1:21 illustrates the number and extent of oil spills that
occurred on the Great Lakes and Connecting Channels during 1976.
Major oil spills over 100,000 U.S. gallons are:
May 19, 1976 Gallic barge E17 spilled 123,000 U.S. gal.
of No. 6 oil in Lake Erie.
June 22, 1976 Nebco 140 barge spilled 300,000 U.S. gal.
of fuel oil in the St. Lawrence River.
TABLE 1:21
1976 OIL SPILLS TO THE GREAT LAKES
 
SOURCE OF SPILLS TOTALS
LAKE OR
CHANNEL SHORE VOL(USG)* SHIP VOL(USG) SPILLS VOL(USG)
Lake Superior 11 9461 13 319 24 9780
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Control of eutrophication in the Great Lakes is a primary goal of
the 1972 Great Lakes Water Quality Agreement. Reduction of phosphorus
input to the lakes is the means by which this goal is to be accomplished.
A summary of the 1976 estimated phosphorus loadings to the Great
Lakes by basinis presented in Table 2:1. Tables 2:2 through 2:7 give
the estimated phosphorus loadings for the basins by jurisdiction. In
these tables, the Lake Huron basin begins at the head of the St. Mary's
River, the Lake Erie basin begins at the head of the St. Clair River,
and the Lake Ontario basin begins at the head of the Niagara River and
includes input from the Buffalo River. In addition, estimated inputs
to the three downstream lake basins from the lake basins upstream are
provided.
In the Agreement, target "Residual Loads" were specified for the
four international lakes. These targets, expressed in metric tonnes/
year, are given in Tables 2:2, 2:4, 2:5 and 2:6 together with the
estimated phosphorus loadings for the respective lakes.
For the Upper Lakes, Superior and Huron, the estimated loadings due
to direct industrial discharge, direct municipal discharge and monitored
tributaries are reasonably close to the target loadings. However, when
the additional loadings due to atmospheric sources, unmonitored areas,
and — in the case of Lake Huron — inputs from other lakes, are added in,
the estimated loadings to the Upper Lakes are almost twice the target
values. However, the estimated loadings are somewhat less than those
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h t
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pper
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s Re
fere
nce
Grou
p i
dent
ifie
d as
the
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- 3900 metric tonnes for Lake Superior; 5400 metric tonnes for Lake
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p
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y
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i
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p
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c
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r
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p
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c
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a
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The mean—square;error of this estimator may be estimated to terms
of the order n ‘, assuming the population size is very large by,
A w l 52 s2 s
E{
(u
—u
y)
2}
=
m2
.
E
_2_
.>E
L]
y InX y mey
l Sx2 2 5x2 Sx
+._T . [2 .( __Y.) _ 4 __T. . __X_
n m m m
x x x y
Where Sy2 is calculated analagously to SXZ.
In o
ne c
ase
stra
tifi
ed s
ampl
ing
was
prac
tice
d in
obta
inin
g da
ta f
or
a tr
ibut
ary;
ther
efor
e th
e ra
tio
esti
mato
r wa
s ap
plie
d wi
thin
the
stra
ta
to obtain the tributary estimate.
Whe
n t
he
mea
n a
nnu
al
flo
w w
as
not
kno
wn,
loa
din
gs
wer
e e
sti
mat
ed
by
the sample mean, my, of the calculated daily loadings.
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tin
g
at
an
a—l
eve
l
of
0.1
bet
wee
n
tot
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loa
din
gs
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19
75
an
d
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ta
l
tr
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ut
ar
y
lo
ad
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6,
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e
tr
ib
ut
ar
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s
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r
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ic
h
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ta
we
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pr
ov
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th
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ar
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di
ff
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en
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in
tr
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ut
ar
y
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os
ph
or
us
loadings was discerned.
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e
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di
al
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 TABLE 2:1
SU
MM
AR
Y
OF
19
76
ES
TI
MA
TE
D
AT
MO
SP
HE
RI
C,
IN
DU
ST
RI
AL
,
MU
NI
CI
PA
L
AN
D
TR
IB
UT
AR
Y
PH
OS
PH
OR
US
LO
AD
IN
G
DA
TA
TO
THE GREAT LAKES
Lake Lake Lake
§u2erior Michigan Huron
At
mo
sp
he
ri
c
1,
08
9
1,
69
0
1,
06
2
(standard
er
ro
r)
(1
85
)
—
(1
17
)
Direct Industrial
Di
sc
ha
rg
e
10
2
32
31
Direct Municipal
Di
sc
ha
rg
e
59
1,
04
0
12
3
Tributary:
Mo
ni
to
re
d
1,
70
8
3,
17
9
2,
49
0
(standard
err
or)
(29
9)
(14
6)
(18
3)
Ad
ju
st
me
nt
59
2
715
43
9
for
Unmonitored
Area
TO
TA
LS
3,
55
0
6,
65
6
4,
14
5
1
(Al
l
va
lu
es
ar
e
in
me
tr
ic
to
nn
es
/y
ea
r)
Includes Buffalo River
2
Lake
Erie
1,119
(163)
275
5,731
5,553
(357)
1,658
14,336
Lake
Ontario
473
(96)
80
2,039
3,2541
(328)
1,236
7,0821
St. Lawrence
River
83
52
(11)
372
507
Th
e
ab
ov
e
to
ta
ls
fo
r
la
ke
s
Hu
ro
n,
Er
ie
an
d
On
ta
ri
o
do
no
t
in
cl
ud
e
in
te
r-
la
ke
tr
an
sf
er
th
ro
ug
h
co
nn
ec
ti
ng
ch
an
ne
ls
.
th
es
e
la
ke
s
ar
e
gi
ve
n
in
Ta
bl
e
2:
4,
2:
5
an
d
2:
6.
90
Total estimated loadings to
Total¥
5,433
520
9,075
16,236
(615)
5,012
36,276
 
TABLE 2:2
SUMMARY OF 1976 ESTIMATED PHOSPHORUS LOADING DATA TO LAKE SUPERIOR
(All values are in metric tonnes/year)
 
Minnesota Wisconsin Michigan Ontario
§
- Direct Industrial 0 0 0 102
Discharge
Dire
ct M
unic
ipal
12
2
17
28
Discharge
Tributary:
Mon
ito
red
143
83
241
1,2
41
(st
and
ard
err
or)
(18
)
(8)
(30
)
(29
6)
Su
bt
ot
al
s
15
5
85
25
8
1,
37
1
Atmospheric
(standard error)
Tributary:
Adjustment for
Unmonitored Area
Un
it
ed
St
at
es
37
8,
Ca
na
da
21
4
TOTAL
T
a
r
g
e
t
"
R
e
s
i
d
u
a
l
L
o
a
d
"
,
1
9
7
2
G
r
e
a
t
L
a
k
e
s
W
a
t
e
r
Q
u
a
l
i
t
y
A
g
r
e
e
m
e
n
t
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Totals
102
59
1,708
(299)
1,869
1,089
(185)
592
 
3,550
1,778
 TABLE 2:3
SU
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AR
Y
OF
19
76
ES
TI
MA
TE
D
PH
OS
PH
OR
US
LO
AD
IN
G
DA
TA
T0
LA
KE
MI
CH
IG
AN
(A
ll
va
lu
es
ar
e
in
me
tr
ic
to
nn
es
/y
ea
r)
  
Wi
sc
on
si
n
Mi
ch
ig
an
Il
li
no
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In
di
an
a
To
ta
ls
Direct Industrial
Di
sc
ha
rg
e
0
0
0
32
32
Direct Municipal
Di
sc
ha
rg
e
95
6
19
64
0
1,
04
0
Tributary:
Mo
ni
to
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d
87
0
1,
90
2
—
40
7
3,
17
9
(s
ta
nd
ar
d
er
ro
r)
(9
2)
(8
4)
—
(7
7)
(1
46
)
Su
bt
ot
al
s
1,
82
6
1,
92
1
64
43
9
4,
25
1
At
mo
sp
he
ri
c
1,
69
0
Tributary:
Ad
ju
st
me
nt
fo
r
Un
it
ed
St
at
es
71
5
Unmonitored Area
TO
TA
L
6,
65
6
92
 
 TABLE 2:4
SUMMARY OF 1976 ESTIMATED PHOSPHORUS LOADING DATA
TO LAKE HURON
(All values are in metric tonnes/year)
Direct Industrial Discharge
Direct Municipal Discharge
Tributary:
Monitored
(standard error)
Subtotals
Atmospheric
(standard error)
Tributary:
A
d
j
u
s
t
m
e
n
t
fo
r
U
n
m
o
n
i
t
o
r
e
d
Area
TOTAL
 
Michigan Ontario
31 —
16 107
1,672 818
(168) (74)
1,719 925
U
n
i
t
e
d
S
t
a
t
e
s
18
2,
C
a
n
a
d
a
2
5
3
E
s
t
i
m
a
t
e
d
i
n
p
u
t
s
1
f
r
o
m
L
a
k
e
S
u
p
e
r
i
o
r
4
0
2
,
L
a
k
e
M
i
c
h
i
g
a
n
2
5
5
T
o
t
a
l
e
s
t
i
m
a
t
e
d
i
n
p
u
t
t
o
L
a
k
e
H
u
r
o
n
T
a
r
g
e
t
"
R
e
s
i
d
u
a
l
L
o
a
d
”
1
9
7
2
G
r
e
a
t
L
a
k
e
s
W
a
t
e
r
Q
u
a
l
i
t
y
A
g
r
e
e
m
e
n
t
1
U
p
p
e
r
L
a
k
e
s
R
e
f
e
r
e
n
c
e
G
r
o
u
p
1
9
7
4
-
1
9
7
5
e
s
t
i
m
a
t
e
s
93
Totals
31
123
2,490
(183)
 
2,644
1,062
(117)
439
4,145
657
4,802
2,440
TABLE 2:5
S
U
M
M
A
R
Y
O
F
1
9
7
6
E
S
T
I
M
A
T
E
D
P
H
O
S
P
H
O
R
U
S
L
O
A
D
I
N
G
D
A
T
A
Direct Industrial
Discharge
Direct Municipal
Discharge
Tributary:
Monitored
(
s
t
a
n
d
a
r
d
e
r
r
o
r
)
Subtotals
Atmospheric
(
s
t
a
n
d
a
r
d
e
r
r
o
r
)
Tributary:
Adjustment for
U
n
m
o
n
i
t
o
r
e
d
A
r
e
a
TOTAL
TO LAKE ERIE
(A
ll
v
a
l
u
e
s
a
r
e
in
m
e
t
r
i
c
t
o
n
n
e
s
/
y
e
a
r
)
     
E
s
t
i
m
a
t
e
d
i
n
p
u
t
1
f
r
o
m
L
a
k
e
H
u
r
o
n
T
o
t
a
l
e
s
t
i
m
a
t
e
d
i
n
p
u
t
t
o
L
a
k
e
E
r
i
e
  
M
i
c
h
i
g
a
n
O
h
i
o
P
e
n
n
s
y
l
v
a
n
i
a
N
e
w
Y
o
r
k
O
n
t
a
r
i
o
T
o
t
a
l
s
5
1
6
0
0
0
1
6
4
2
7
5
4
,
5
7
7
9
3
3
1
4
0
1
1
7
0
5
,
7
3
1
1
,
1
7
1
2
,
7
0
6
0
4
3
4
1
,
2
4
2
5
,
5
5
3
(
1
5
6
)
(
2
4
9
)
-
(
1
3
9
)
(
1
4
6
)
(
3
5
7
)
5
,
7
9
9
3
,
6
9
9
1
4
0
4
4
5
1
,
4
7
6
1
1
,
5
5
9
1,119
(163)
U
n
i
t
e
d
S
t
a
t
e
s
1
,
2
9
2
,
C
a
n
a
d
a
3
6
6
1
,
6
5
8
14,336
1,080
15,416
14,606
T
a
r
g
e
t
"
R
e
s
i
d
u
a
l
L
o
a
d
"
,
1
9
7
2
G
r
e
a
t
L
a
k
e
s
W
a
t
e
r
Q
u
a
l
i
t
y
A
g
r
e
e
m
e
n
t
1
U
p
p
e
r
L
a
k
e
s
R
e
f
e
r
e
n
c
e
G
r
o
u
p
1
9
7
4
-
1
9
7
5
e
s
t
i
m
a
t
e
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(standard error)
Tributary:
Adjustment for
Unmonitored Area
TOTAL
Es
ti
ma
te
d
in
pu
t2
fr
om
La
ke
Er
ie
To
ta
l
es
ti
ma
te
d
in
pu
t
to
La
ke
On
ta
ri
o
1
I
n
c
l
u
d
e
s
B
u
f
f
a
l
o
R
i
v
e
r
2
H
y
d
r
o
s
c
i
e
n
c
e
1
9
7
4
e
s
t
i
m
a
t
e
 
TABLE 2:6
 
EEaLjﬁyﬂs
Direct Industrial Discharge 33
Direct Municipal Discharge 884
Tributary:
Monitored 2,1231
(standard error) (292)
Subtotals 3,040
Atmospheric
T
a
r
g
e
t
"
R
e
s
i
d
ua
l
Lo
ad
",
19
72
Gr
ea
t
La
ke
s
Wa
te
r
95
SUMMARY OF 1976 ESTIMATED PHOSPHORUS LOADING DATA
TO LAKE ONTARIO
(All values are in metric tonnes/year)
Ontario
47
1,155
1,131
(149)
 
2,333
United States 975, Canada 261
Quality Agreement
Totals
80
2,039
3,2541
(328)
 
5,3731
473
(96)
1,236
7,0821
5,613
12,6951
9,072
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TABLE 2:7
SUMMARY OF 1976 ESTIMATED PHOSPHORUS LOADING DATA
TO THE INTERNATIONAL PORTION OF THE ST. LAWRENCE RIVER
(All values are in metric tonnes/year)
New York Ontario Totals
Direct Industrial Discharge 0 0 0
Direct Municipal Discharge 0 83 83
Tributary:
Monitored 0 52 52
(standard error) (11)
Subtotals 0 135 135
Tributary:
Adjustment for United States, 336, Canada 36 372
Unmonitored Area
TOTAL 507
96
  
  
g
3
P
I
A
N
N
H
I
1
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I
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W
I
I
I
E
S
As
part
of
the
surveillance
plan
implementation
process
which
was
developed
last
year
(see
Figure
4:3,
1975
Appendix
B),
the
annual
sur-
veillance
plan
is
to
be
defined
dependent
upon
the
level
of
funds
provided.
During
1977,
two
approaches were
made
to define
the annual
plan.
First,
the Water
Quality
Board members
were
requested
to
indicate
the
level
of
(surveillance funding to be provided by the Federal, state and provincial
governments.
This was only partially successful.
Finally,
the Surveillance
Subcommittee requested that the agencies which were actively participating
in Great Lakes water quality surveillance identify their planned 1977
activities and associated cost.
All involved agencies responded to that
request.
This chapter gives a brief overview of 1977 water quality surveillance,
activities with respect to location, parameter sampling and frequency,
number of cruises and 1977 program costs. The parameter, cruise and
frequency details are displayed on Table 3:1. Point source surveillance
is discussed within Appendix C of the Water Quality Board. The juris—
diction rationale and special research activity will not be covered in
this chapter. This information along with specific cost details is on
file at the Windsor Regional Office. Table 3:2 provides a cost summary
at the end of this chapter.
UNITED STATES ENVIRONMENTAL PROTECTION AGENCY (EPA)
Region V (Chicago)
For 1977 an intensive sampling program is planned for Lake Michigan.
This will involve concentrated main (open) lake, nearshore, atmospheric,
and special sampling activities. Nine standard and three special main lake ;
cruises are planned with two large lake sampling vessels. The special cruises ‘
are for atmospheric, sediment and metal sampling at selected stations.
Nearshore surveillance will be carried out in the Chicago, Milwaukee,
and Green Bay areas. The Green Bay program will be done in conjunction with
the states of Michigan and Wisconsin. The program to measure bulk atmos—
pheric loading to the Great Lakes will consist of the operation of 36
samplers at 30 sites around the four Upper Great Lakes and five samplers
on buoys in Lake Michigan (Summer of 1977) and Lake Erie (Summer of 1978).
Sam
ple
s w
ill
be
col
lec
ted
mon
thl
y.
Tot
al
cos
t:
$1,
100
,00
0.
Region V (Eastern District)
The
Env
iro
nme
nta
l P
rot
ect
ion
Age
ncy
wil
l c
ont
rac
t f
or
the
ann
ual
mai
n
lake monitoring program on Lake Erie for 1977. Seventy-nine main lake stations
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01'
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META
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AL
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LA
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S
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NS
—
T
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E S
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E S
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E
SHP
L
NO.
TYP
E S
MPL
NO.
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SMP
L
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Mai
n
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Ont
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(A)
9
94-
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4
NS
3.4
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18.
6
0
—
0
0
—
0
6
MB
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L
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k
e
USEPA
Erie
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8
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2
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2.7
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0
-
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0
-
0
0
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SS
2.0
7
NS
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io an
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2
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-
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0 3
ZS
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—
0
Erie
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2. N
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0.6
8
SS
0.8
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1.6
0
T
Huron
(P)
23
107
3 N
S 9.
0 21
US
21.9
1
SS 0.
18 0
-
0 6
NS
2.9
0T
Supef
ior(P
)
2
40
1
US
0.08
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3
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1
SS
0.03
5
NS
0.3
USEPA Michigan (I) 4 42 4 GT 3.0 18 NS 10.7 o — 0 0 — 0 5 mm 2.1
vs
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01
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Erie
3
9
5
NS
0.2
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0.9
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MB mi
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program
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— pro
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USEPA
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 TABLE 3:
1 19
77 PLANN
ED SAMPL
ING DETA
ILS FOR
THE GREA
T LAKES
TOTA
L
NUMB
ER
PARA
METE
RS
OPERATIO
NAL
ANNUAL
OF
PHYSICAL
CHyICAL
METALS
TOXIC SU
BSTANCES
BIOLOGIC
AL
  
5
AGE
NCY
LAK
E
CRU
ISE
S
STA
TIO
NS
COMP
ONIN
T
NO.
TYPE
SMPL
NO.
TYPE
SMPL
NO.
TYPE
SMTL
NO.
TYPE
SMPL
NO.
TYPE
SMPL
2. Nea
rshore
Intera
gency*
Michig
an
4
25
0
— 0
NA
WS 0
.9
O —
0 0
—
0 3
ZS
1,5
(cont'
d)
85
BS
P
S
 
9
9
  
3. Connectin
g DFE
St. Lawrence
6
69
1 OT 0
.4 15 W
S 5.6 1
0 WS 2
.1 8 W
S 0.08
4 MB 1
.7
Channels
River
NS
Detroit 2 50 4 OT 0.4 17 WS 4.7 1 NS 0.3 0 - 0 2 WS 0.6
River
NS
MOE St. Clair 2 42 4 NS 0.34 17 WS 4.1 1 NS 0.26 0 — 0 2 NS 0.5
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There will also be on—going a program of research activities in
chemistry, biology, microbiology, modeling and statistics in support of
surveillance. Total cost: $2,493,000.
 
ONTARIO MINISTRY OF THE ENVIRONMENT (MOE)
Nearshore, tributary, and water intake surveillance is planned for all
the Great Lakes. Surveillance also is scheduled for the Detroit, St. Clair
and St. Mary's rivers.
The nearshore program consists of both routine shoreline surveillance
and special problem area monitoring. Problem areas where surveys are planned
this year include ThunderBay, the St. Mary's River below Sault Ste. Marie,
Serpent Harbour, Collingwood, the St. Clair River downstream of Sarnia,
Wheatley (Lake Erie), Toronto, Hamilton and the Bay of Quinte. Other
localized assessments are planned for the Maitland River (Lake Huron),
Grand River (Lake Erie) and the Twelve Mile Creek and Port Credit to
Oakville areas of Lake Ontario where present information on water quality
is incomplete.
Transect monitoring is continuing on the three connecting channels
with the greatest effort on the St. Mary's River where an improvement
in water quality should be evident in response to greatly reduced in-
dustrial waste loadings. A special study of dissolved organics
responsible for fish tainting is being undertaken in the St. Clair River.
Tri weekly monitoring of seventy—three tributaries to the Great
Lakes will continue with loading information being provided to the IJC.
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 PENNSYLVANIA
DEPARTMENT
OF
ENVIRONMENTAL
RESOURCES
(PDER)
AND
ERIE
COUNTY
DEPARTMENT
OF
HEALTH
(ECDH)
The
state
of
Pennsylvania
will
continue
its
monitoring
and
sur-
veillance
program
for
the
nearshore,
water
intakes,
and
beach
areas
in
1977.
Nearshore
surveillance
will be given
special
emphasis
in
the
western
portion
of
Pennsylvania
waters
to
collect
background
data
on
existing
water
and
benthic
quality.
This
special
emphasis
will
be
in
response
to a private
proposal
to build
a major
steel production
facility
astride
the Ohio—Pennsylvania
border.
Of
primary
concern will
be nutrient
balances
in
the
nearshore
areas.
Total
cost:
$27,000.
OHIO ENVIRONMENTAL PROTECTION AGENCY (OEPA)
The State of Ohio plans 1977 surveillance with emphasis on two components,
namely tributary and water intake monitoring.
Regular tributary sampling on
12 tributaries will occur to determine both the water quality and material
loadings to Lake Erie.
Four intakes will be sampled monthly for various
physical, chemical, biological intake and special parameters.
Total cost:
$24,000.
NEW YORK STATE DEPARTMENT OF ENVIRONMENTAL CONSERVATION (NYSDEC)
The State of New Yorkwill continue to perform monthly physical,
chemical, and bacteriological baseline sampling at seven stations on the
Niagara and St. Lawrence rivers and the mouths of nine major tributaries.
Six water intakes will also be sampled in lakes Erie and Ontario. Collection
of fin fish for analysis of persistent organic toxicants will be conducted
during spring and fall in the nearshore areas of lakes Erie and Ontario, the
Niagara River and St. Lawrence River. Inaddition, a macroinvertebrate
species density and diversity survey is planned for the New York State reach
of the St. Lawrence River. Total cost: $244,000.
UNITED STATES FISH AND WILDLIFE SERVICE (USFWS)
The United States Fish and Wildlife Service fish contaminants sur—
veillance activities in the Great Lakes during the 1977 calendar year consist
of the following:
1. As part of the national pesticide monitoring program 15 stationS,
cove
ring
all
of t
he G
reat
Lake
s wi
ll b
e sa
mple
d (t
hree
comp
osit
e wh
ole
fish
samp
les
per
stat
ion)
and
anal
yzed
for
PCBs
, ma
jor
chlo
rina
ted
hydr
ocar
bons
,
pesticides and mercury.
2.
The
Gre
at
Lak
es
Fis
her
ies
Lab
ora
tor
y w
ill
con
tin
ue
its
sit
e
spe
cif
ic
sam
pli
ng
at
two
loc
ati
ons
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 STRATEGY
INTRODUCTION
The Great Lakes represent 80 percent of the North American's supply
of surface fresh water. This resource provides the 45 million people in
the basin with almost unlimited drinking water and industrial process
water. Five thousand miles of shoreline provide access for much of the
tourist and recreation activity in the surrounding basin. In recognition
of the importance of this priceless resource and the need to restore and
maintain its water quality, the Canadian and U.S. Governments signed the
Great Lakes Water Quality Agreement in 1972. The Agreement is based on a
philosophy of management of Great Lakes water quality which includes:
a) establishment of specific water quality objectives,
b) implementation of pollution control and other remedial or
preventative meaSures designed to achieve the objectives, and
c) surveillance of the quality of the bOundary water to determine
the extent to which the objectives are being met and provide
information for decisions on altering remedial measures.
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 Annex 2, Item Z0. "Monitoring. The Parties....shall continue to monitor
the extent of eutrophication in the Great Lakes system and the progress made
in reducing or preventing it."
Annex 2, Item ZZ. "Submission of Information. The IJC will be
given information at least annually...concerning
a) Total reduction in gross inputs of phosphorus achieved as a
result of the programs implemented...."
The IJC has been mandated to "assist in the implementation" of the
Agreement. Within that mandate, the Commission is to collect, analyze and
disseminate information relating to the water quality of the Great Lakes.
This effort is to culminate in the publication of an annual report
showing progress in the management of Great Lakes water quality toward
meeting the water quality objectives, improving degraded areas and in
maintaining nondegraded areas. To do so effectively the Commission recognizes
the need for a uniform surveillance effort by both Parties to the Agreement
and the cooperating state and provincial jurisdictions.
In response to this need, the Commission directed the Water Quality Board
to develop an international surveillance plan to be recommended to the Parties
to the Agreement as authorized by Article VI Z, (c) of the Agreement. What
follows is the rationale, objectives, costs and strategy of the general
international surveillance program for application to the entire Great Lakes
system. A detailed surveillance plan for each of the Great Lakes and their
connecting channels will be published separately.
This surveillance program provides the framework for coordinating the
surveillance activities of both countries and will be under constant review.
Further, the surveillance program has been designed with a view to future
needs which will require more sophisticated analysis of ecosystem components
and newer tools for data analysis. The program will be modified and updated
whenever necessary as data are collected and analyzed, water quality issues
change, and better means of surveillance become available.
OBJECTIVES
A variety of materials is being introduced into the lakes through man's
activities, or in some cases by naturally occurring phenomena which can be
controlled. The amount and impact of such materials on water quality in
the Great Lakes.are primary concerns. The materials present hazards to
aquatic life, wildlife and human health. Also, there are many nuisance or
aesthetic concerns related to water quality which can interfere with the
resource use and result in nonuse or force waste treatment. The environmental
 ENVIRONMENTAL CONCERNS RELATING TO WATER QUALITY
IN THE GREAT LAKES
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 Table 4:1 continued ...
RESOURCE ASPECT
2.2 Industrial
Water Supplies
2.3 Private
Water
Supplies
2.4 Agricultural
Uses
3. Freshwater Biota
3.1 Species and
Population
 
ENVIRONMENTAL CONCERN
ELEMENTS OF THE CONCERN
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Utility
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Public Health
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Utility
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Ecosystem
Stability
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see 2.1 in respect of
process waters used in
paper, food, dairy and
beverage industries
see 2.1 process waters
for industrial uses
must meet stringent
criteria.
see 2.1
few such systems have
treatment, and impairment
of water quality restricts
the use.
see 2.1 certain criteria
may be more stringent
than for public water
supplies, for such uses
as dairy sanitation and
livestock watering.
see 2.1 metals and
organic constituent
may limit availability
if removal cannot be
effected.
impairment of water
quality in terms of
light penetration
(turbidity) as it relates
to reduced reproductive
capacity or growth.
metal or organic
contamination can be
incorporated into the
food chain to concen—
trations in higher forms
of life that are harm—
ful to that life.
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concerns related to water quality in the Great Lakes are summarized on
Table 4:1.
Environmental concerns are translated into either specific water
quality objectives to protect the concerns and uses, abatement programs to
restore the lakes from their existing degraded conditions, or long term
investigations to accurately assess the cause—effect relationships so
water quality objectives and abatement programs can be deve10ped and
implemented. Thus, the surveillance program must be designed to determine:
a) OBJECTIVE VIOLATIONS
 
Surveillance to detect violations of water quality objectives
for parameters with numerical limits.
b) TRENDS
Surveillance to determine water quality trends for the purpose
of evaluating compliance with the non-degradation requirement
and determining long—term effects of remedial programs.
c) CAUSE AND EFFECT
Surveillance to describe and quantify cause (loads) and effect
(water quality) relationships to understand how the Great Lakes
physical, biological and chemical systems operate. Together
with mathematical modelling, this forms the basis for determining:
whole lake response to remedial programs, the need for new remedial
programs such as the phosphorus control program, altering or estab—
lishing new water quality objectives, and a means to detect new and
emerging problems.
PROGRAM ELEMENTS (ACTIVITIES)
Several specific activities must be integrated if these general
objectives are to be fulfilled. Sample collection, analysis and data inter—
pretation, quality assurance, and data management are common to all efforts,
but their magnitude, intensity, and degree of difficulty vary greatly with the
part of the Great Lakes system under surveillance.
INPUTS
The quality of the inputs to the Great Lakes are the key to the lakes'
future conditions and uses. Tributaries and point sources have a direct
impact at the specific point of inflow and a diffuse impact over the whole
lake. Atmospheric inputs impact the whole lake but are of minor significance
114
 
 to
nea
rsh
ore
are
as
or
pro
ble
m
are
as.
Con
nec
tin
g
cha
nne
ls
are
aff
ect
ed
by
tr
ib
ut
ar
ie
s
an
d
po
in
t
so
ur
ce
di
sc
ha
rg
es
,
th
er
eb
y
im
pa
ct
in
g
th
e
do
wn
st
re
am
la
ke
s.
Su
rv
ei
ll
an
ce
of
in
pu
ts
ca
n
be
us
ed
to
de
te
rm
in
e
th
e
ef
fe
ct
re
me
di
al
pr
og
ra
ms
ha
ve
on
th
e
qu
al
it
y
of
th
e
wa
te
r.
A
ch
an
ge
in
th
e
la
ke
s'
wa
te
r
qu
al
it
y
ca
nn
ot
ne
ce
ss
ar
il
y
be
se
en
im
me
di
at
el
y
fr
om
ch
an
ge
s
in
in
pu
ts
to
th
e
la
ke
s,
bu
t
lo
ad
in
g
tr
en
ds
pr
ov
id
e
th
e
ba
ck
gr
ou
nd
fo
r
an
es
ti
ma
ti
on
of future variations in the water quality.
Tributaries
Th
e
ri
ve
rs
an
d
st
re
am
s
th
at
fl
ow
in
to
th
e
Gr
ea
t
La
ke
s
ar
e
ch
ar
ac
te
ri
ze
d
by
hi
gh
ly
va
ri
ab
le
fl
ow
s
an
d
po
ll
ut
an
t
co
nc
en
tr
at
io
ns
.
Th
os
e
fl
ow
s
ha
ve
bo
th
a
ge
ne
ra
li
ze
d
se
as
on
al
cy
cl
e
an
d
lo
ng
te
rm
cy
cl
es
,
bu
t
th
ey
ar
e
hi
gh
ly
va
ri
ab
le
wi
th
in
th
es
e
cy
cl
es
du
e
to
da
il
y
we
at
he
r
ch
an
ge
s.
Co
ns
eq
ue
nt
ly
,
re
li
ab
le
me
as
ur
em
en
t
of
th
e
to
ta
l
fl
ow
in
to
th
e
Gr
ea
t
La
ke
s
wo
ul
d
re
qu
ir
e
co
nt
in
uo
us
fl
ow
mo
ni
to
ri
ng
of
al
l
tr
ib
ut
ar
ie
s.
Si
nc
e
th
e
la
ke
s
ar
e
Su
ch
im
me
ns
e
wa
te
r
bo
di
es
an
d
ha
ve
su
ch
lo
ng
re
sp
on
se
ti
me
s,
me
as
ur
in
g
th
e
an
nu
al
in
fl
ow
wi
th
th
is
pr
ec
is
io
n
wo
ul
d
be
ex
ce
ss
iv
e.
Da
il
y
fl
ow
me
as
ur
em
en
ts
an
d
sp
ec
ia
l
me
as
ur
em
en
ts
du
ri
ng
hi
gh
ru
no
ff
ev
en
ts
wi
ll
pr
ov
id
e
an
es
ti
ma
te
of
th
e
an
nu
al
in
fl
ow
wi
th
in
te
n
pe
rc
en
t
of
th
e
ac
tu
al
va
lu
e.
Th
is
pr
ec
is
io
n
ge
ne
ra
ll
y
is
su
ff
ic
ie
nt
.
Ho
we
ve
r,
im
pr
ov
ed
ab
il
it
ie
s
to
pr
ed
ic
t
wa
te
r
qu
al
it
y
ch
an
ge
s
in
th
e
ne
ar
sh
or
e
ar
ea
s
im
pa
ct
ed
by
tr
ib
ut
ar
ie
s
ma
y
re
qu
ir
e
mo
re
ac
cu
ra
te
fl
ow
mea
sur
eme
nts
for
sho
rte
r t
ime
per
iod
s
in
the
fut
ure
.
Th
e
co
nc
en
tr
at
io
n
of
po
ll
ut
an
ts
in
tr
ib
ut
ar
ie
s
of
te
n
va
ri
es
wi
th
th
e
fl
ow
,
bu
t
th
e
va
ri
ab
il
it
y
de
pe
nd
s
up
on
th
e
sp
ec
if
ic
po
ll
ut
an
t,
th
e
se
as
on
an
d
tr
ib
ut
ar
y
hy
dr
ol
og
y.
Fo
r
in
st
an
ce
,
ma
jo
r
io
ns
su
ch
as
ca
lc
iu
m,
so
di
um
,
et
c.
,
an
d
tr
ac
e
me
ta
ls
ge
ne
ra
ll
y
re
ma
in
co
ns
ta
nt
,
bu
t
nu
tr
ie
nt
s
in
cr
ea
se
wi
th
fl
ow
du
e
to
th
ei
r
re
la
ti
on
sh
ip
wi
th
th
e
su
sp
en
de
d
so
li
ds
in
th
e
tr
ib
ut
ar
ie
s.
Ge
ne
ra
ll
y,
po
ll
ut
an
t
co
nc
en
tr
at
io
ns
ar
e
re
as
on
ab
ly
co
ns
ta
nt
du
ri
ng
lo
w
fl
ow
pe
ri
od
s
an
d
hi
gh
ly
va
ri
ab
le
du
ri
ng
hi
gh
ru
no
ff
ev
en
ts
.
Th
e
ge
ne
ra
l
pr
ac
ti
ce
of
sa
mp
li
ng
Gr
ea
t
La
ke
s
tr
ib
ut
ar
ie
s
mo
nt
hl
y
of
te
n
pr
ov
id
es
an
in
ad
eq
ua
te
es
ti
ma
te
of
th
e
ra
ng
es
in
co
nc
en
tr
at
io
n
an
d
th
e
av
er
ag
e
an
nu
al
lo
ad
in
g.
Th
is
ha
s
be
en
sh
ow
n
re
ce
nt
ly
by
th
e
U.
S.
Co
rp
s
of
En
gi
ne
er
s,
U.
S.
EP
A
an
d
th
e
On
ta
ri
o
Mi
ni
st
ry
of
th
e
En
vi
ro
nm
en
t.
Th
e
ma
jo
ri
ty
of
th
e
an
nu
al
in
pu
t
(t
wo
-t
hi
rd
s
or
mo
re
)
wi
ll
re
su
lt
fr
om
sp
ri
ng
ru
no
ff
an
d
st
or
m
ru
no
ff
.
Th
us
,
to
de
ve
lo
p
th
e
ac
cu
ra
cy
ne
ed
ed
to
me
et
ob
je
ct
iv
es
,
th
e
sa
mp
li
ng
fr
eq
ue
nc
y
ne
ed
s
to
be
in
cr
ea
se
d
to
20
—
25
sa
mp
le
s.
Mo
nt
hl
y
sa
mp
le
s
wi
ll
co
nt
in
ue
to
be
ta
ke
n,
bu
t
wi
ll
be
su
pp
le
me
nt
ed
by
sa
mp
le
s
du
ri
ng
st
or
m
ev
en
ts
an
d
we
ek
ly
sa
mp
le
s
du
ri
ng
th
e
sp
ri
ng
ru
no
ff
pe
ri
od
un
le
ss
hi
st
or
ic
al
da
ta
indicates it is not necessary.
Fi
na
ll
y,
th
e
id
ea
l
pr
og
ra
m
wo
ul
d
en
co
mp
as
s
fl
ow
me
as
ur
em
en
ts
an
d
sa
mp
li
ng
of
al
l
tr
ib
ut
ar
ie
s
to
th
e
Gr
ea
t
La
ke
s.
Ho
we
ve
r,
th
e
sm
al
l
ga
in
in
ac
cu
ra
cy
is
no
t
wo
rt
h
th
e
la
rg
e
in
cr
ea
se
in
co
st
s.
Th
e
su
rv
ei
ll
an
ce
pr
og
ra
m
wi
ll
be
im
pl
em
en
te
d
on
ly
on
si
gn
if
ic
an
t
tr
ib
ut
ar
ie
s.
Th
e
si
gn
if
ic
an
t
tr
ib
ut
ar
ie
s
ha
ve
be
en
id
en
ti
fi
ed
by
th
e
ju
ri
sd
ic
ti
on
s
an
d
ac
co
un
t
fo
r
ab
ou
t
80
pe
rc
en
t
of
th
e
po
ll
ut
io
n
lo
ad
fr
om
tr
ib
ut
ar
ie
s
in
to
th
e
Gr
ea
t
La
ke
s.
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 One hundred and fifteen significant tributaries are to be monitored
as follows:
Lake Superior — 29
Lake Huron - 26
Lake Michigan - 33
Lake St. Clair - 3
Lake Erie — 22
Lake Ontario — 21
16Connecting Channels
The specific tributaries, sampling sites, parameters and frequency of
sampling is presented in the detailed surveillance plan for each lake.
Point Source Discharges
This category of inputs includes all municipal and industrial outfalls
that discharge directly into the Great Lakes, connecting channels or tri—
butaries downstream of the tributary sampling site. Flow from a point
source discharge is generally more uniform and predictable than tributary
flow with a definite diurnal cycle. With the exception of combined sewers,
precipitation only slightlyaffects flow froma point source. The changes
in pollutant concentrations in point source discharges also are predictable,
since they relate to either increased water use or changes in manufacturing
processes. For many sources, such as electrical generating stations, con—
centrations are almost constant.
Generally, all jurisdictions require the point sources to maintain flow
measuring and sampling devices and report results of such activities. The
frequency of measurement is dictated by the volume characteristics of the
discharge, its variability and other factors. Large sources (over 1 MGD)
generally sample and measure daily flow; small sources (0.1 MGD or less)
may sample only monthly. For certain types of discharges, including non
contact cooling water, less frequent sampling is sufficient.
Surveillance strategy is to establish the sampling frequency based
on the volume of discharge so that the major inputs are measured accurately.
A compliance monitoring or inspection program will be implemented to assure
that the data being generated are sufficiently accurate. Table 4:2 displays
sampling frequencies recommended.
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 TABLE 4:2
POINT SOURCE SAMPLING FREQUENCY
Vol
ume
of
Dis
cha
rge
Flo
w M
eas
ure
Sam
pli
ng
Fre
gue
ncy
Ove
r 1
.0
MGD
Con
tin
uou
s
dai
ly
(co
mpo
sit
e)l
/
0.1
— 1
.0
MGD
,
Dai
ly
wee
kly
Les
s
tha
n 0
.1
MGD
Dai
ly
sem
i-m
ont
hly
l/
For
the
mos
t c
rit
ica
l p
oll
uta
nts
suc
h a
s p
hos
pho
rus
.
Sam
ple
s
for
oth
er
pol
lut
ant
s
wil
l b
e
col
lec
ted
les
s
oft
en.
To
ass
ure
acc
ura
cy
of
poi
nt
sou
rce
dat
a,
the
jur
isd
ict
ion
s
sho
uld
ins
pec
t
the
sou
rce
s
at
lea
st
ann
ual
ly.
The
se
ins
pec
tio
ns
sho
uld
,
as
a
min
imu
m,
inc
lud
e
tre
atm
ent
pro
ces
s
eva
lua
tio
ns,
a r
evi
ew
of
the
cal
ibr
ati
on
of
fl
ow
me
as
ur
in
g
de
vi
ce
s,
co
ll
ec
ti
ng
an
d
sp
li
tt
in
g
sa
mp
le
s
wi
th
th
e
di
s-
cha
rge
rs,
and
an
eva
lua
tio
n
of
the
sou
rce
s'
lab
ora
tor
y a
nd
lab
ora
tor
y
pr
oc
ed
ur
es
.
Lo
gi
ca
ll
y,
th
e
le
ve
l
of
ef
fo
rt
ad
op
te
d
sh
ou
ld
be
ba
se
d
on
ea
ch
point source's credibility.
Atmospheric
Pr
ev
io
us
st
ud
ie
s
on
pr
ec
ip
it
at
io
n
ch
em
is
tr
y
in
th
e
Gr
ea
t
La
ke
s
Ba
si
n
ha
ve
in
di
ca
te
d
th
at
at
mo
sp
he
ri
c
pr
ec
ip
it
at
io
n
ca
n
be
a
si
gn
if
ic
an
t
so
ur
ce
of
nu
tr
ie
nt
s
(t
ra
ce
me
ta
ls
)
an
d
to
xi
c
or
ga
ni
cs
to
th
e
la
ke
s.
Fo
r
ex
am
pl
e,
ph
os
ph
or
us
es
ti
ma
te
s
ha
ve
ra
ng
ed
fr
om
on
e
pe
rc
en
t
of
th
e
to
ta
l
lo
ad
fo
r
La
ke
Er
ie
to
ab
ou
t
20
pe
rC
en
t
of
th
e
to
ta
l
lo
ad
fo
r
th
e
La
ke
Su
pe
ri
or
.
Atm
osp
her
ic
pre
cip
ita
tio
n
may
con
tri
but
e
an
eve
n
hig
her
per
cen
t
of
the
tra
ce
met
als
.
It
is
imp
ort
ant
the
ref
ore
to
beg
in
a p
rog
ram
des
ign
ed
to
det
erm
ine
th
e
co
nt
ri
bu
ti
on
of
at
mo
sp
he
ri
c
pr
ec
ip
it
at
io
n
to
th
e
ma
te
ri
al
bu
dg
et
of
th
e
Great Lakes.
Th
e
su
rv
ei
ll
an
ce
pl
an
ca
ll
s
fo
r
th
ir
ty
to
fo
rt
y
sa
mp
li
ng
st
at
io
ns
sp
re
ad
ap
pr
ox
im
at
el
y
un
if
or
ml
y
th
ro
ug
ho
ut
the
en
ti
re
Gr
ea
t
La
ke
s
ba
si
n.
Mo
re
st
at
io
ns
ar
e
pr
op
os
ed
fo
r
th
e
U.
S.
po
rt
io
n
of
th
e
ba
si
n
be
ca
us
e
th
e
La
ke
Mi
ch
ig
an
ba
si
n
is
en
ti
re
ly
wi
th
in
th
e
U.
S.
bo
un
da
ry
.
Mo
nt
hl
y
in
te
gr
at
ed
sa
mp
le
s
of
pr
e-
ci
pi
ta
ti
on
wi
ll
be
co
ll
ec
te
d
an
d
an
al
yz
ed
an
d
we
t
de
po
si
ti
on
ra
te
s
ca
lc
ul
at
ed
(m
g/
m
2d
a)
.
Th
e
pa
ra
me
te
rs
wi
ll
in
cl
ud
e
nu
tr
ie
nt
s,
tr
ac
e
me
ta
ls
,
so
me
ma
jo
r
ions and some toxic organics.
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 Ab
ou
t
6
of
th
e
we
t
de
po
si
ti
on
st
at
io
ns
wi
ll
ha
ve
hi
—v
ol
ai
r
pa
rt
iC
ul
at
e
sa
mp
le
rs
to
co
ll
ec
t
sa
mp
le
su
sp
en
de
d
pa
rt
ic
ul
at
e
ma
te
ri
al
fr
om
th
e
ai
r.
Pa
rt
ic
ul
at
e
ma
tt
er
an
d
we
t
de
po
si
ti
on
sa
mp
le
s
wi
ll
be
an
al
yz
ed
fo
r
th
e
sa
me
pa
ra
me
te
rs
.
Th
es
e
da
ta
ca
n
th
en
be
us
ed
to
es
ti
ma
te
th
e
dr
y
de
po
si
ti
on
rates (mg/m 2da).
Hi
—V
ol
sa
mp
le
s
al
so
wi
ll
be
co
ll
ec
te
d
ab
oa
rd
sh
ip
on
th
e
cr
os
s
la
ke
tr
an
se
ct
s
du
ri
ng
th
e
ma
in
la
ke
in
te
ns
iv
e
su
rv
ey
s
an
d
an
al
yz
ed
fo
r
th
e
sa
me
pa
ra
me
te
rs
.
Th
es
e
da
ta
wi
ll
be
us
ed
to
co
rr
el
at
e
th
e
ch
an
ge
in
de
po
si
ti
on
ra
te
wi
th
th
e
di
st
an
ce
fr
om
sh
or
e
th
us
pr
ov
id
in
g
a
be
tt
er
es
ti
ma
te
of
th
e
dr
y
de
po
si
ti
on
ra
te
to
th
e
wh
ol
e
la
ke
.
De
po
si
ti
on
ra
te
s
ar
e
di
re
ct
la
ke
su
rf
ac
e
lo
ad
in
gs
.
Th
e
tr
ib
ut
ar
ie
s
pr
og
ra
m
wi
ll
ad
dr
es
s
th
e
in
di
re
ct
lo
ad
in
gs
,
th
os
e
to
th
e
la
nd
su
rf
ac
e,
an
d
th
e
ev
en
tu
al
ef
fe
ct
s
th
ey
ha
ve
on
th
e
la
ke
.
Connecting Channels
Th
e
co
nn
ec
ti
ng
ch
an
ne
ls
ar
e
im
po
rt
an
t
wa
te
r
re
so
ur
ce
s
in
th
em
se
lv
es
be
ca
us
e
of
th
ei
r
in
te
ns
iv
e
us
e,
pr
ox
im
it
y
to
ma
jo
r
ur
ba
n
an
d
in
du
st
ri
al
co
mp
le
xe
s,
an
d
as
li
nk
s
in
th
e
Gr
ea
t
La
ke
s
ch
ai
n.
Th
e
ty
pe
an
d
am
ou
nt
of
ma
te
ri
al
s
tr
an
sp
or
te
d
fr
om
la
ke
to
la
ke
is
an
im
po
rt
an
t
as
pe
ct
of
th
e
to
ta
l
da
ta
ba
se
ne
ed
ed
to
ev
al
ua
te
lo
ng
ra
ng
e
la
ke
re
sp
on
se
s
to
lo
ad
in
g
ch
an
ge
s.
Su
rv
ei
ll
an
ce
of
co
nn
ec
ti
ng
ch
an
ne
ls
is
ne
ce
ss
ar
y
to
de
te
rm
in
e
tr
en
ds
in
th
e
wa
te
r
qu
al
it
y,
to
pr
ov
id
e
in
fo
rm
at
io
n
ne
ed
ed
to
as
se
ss
re
me
di
al
pr
og
ra
ms
,
an
d
to
ca
lc
ul
at
e
ma
te
ri
al
ba
la
nc
es
at
th
e
he
ad
an
d
mo
ut
h
of
ea
ch
co
nn
ec
ti
ng
ch
an
ne
l.
Es
ti
ma
te
s
ca
n
be
ma
de
on
th
e
an
nu
al
ma
ss
ou
tp
ut
of
nu
tr
ie
nt
s,
et
c.
,
co
mi
ng
fr
om
th
e
up
pe
r
la
ke
an
d
go
in
g
in
to
th
e
lo
we
r
la
ke
.
Ov
er
ti
me
,
ch
an
ge
s
in
th
e
ov
er
al
l
co
nd
it
io
ns
of
a
co
nn
ec
ti
ng
ch
an
ne
l
sh
ou
dl
pa
ra
ll
el
si
gn
if
ic
an
t
ch
an
ge
s
in
lo
ad
in
gs
fr
om
up
st
re
am
la
ke
s
an
d
di
re
ct
or
in
di
re
ct
di
sc
ha
rg
es
.
Th
e
im
po
rt
an
t
pa
ra
me
te
rs
ar
e
nu
tr
ie
nt
s
an
d
pe
rs
is
te
nt
su
sp
en
de
d/
di
ss
ol
ve
d
ma
te
ri
al
s.
Th
e
ra
te
s
of
ou
tp
ut
an
d
in
pu
t
of
a
la
ke
ar
e
cr
it
ic
al
fa
ct
or
s
in
de
te
rm
in
in
g
ma
ss
ba
la
nc
es
,
pr
oj
ec
ti
ng
tr
en
ds
an
d
ev
al
ua
ti
ng
th
e
in
fl
ue
nc
e
of
po
ll
ut
io
n
co
nt
ro
l
pr
oj
ec
ts
on
ba
ck
gr
ou
nd
loadings.
Mo
st
of
th
e
co
nn
ec
ti
ng
ch
an
ne
ls
ha
ve
re
la
ti
ve
ly
un
if
or
m
fl
ow
.
Un
de
r
th
e
su
rv
ei
ll
an
ce
pl
an
,
al
l
co
nn
ec
ti
ng
ch
an
ne
ls
wi
ll
ha
ve
fl
ow
me
as
ur
in
g
an
d
sa
mp
li
ng
st
at
io
ns
up
st
re
am
of
th
e
ba
ck
wa
te
r
ef
fe
ct
s
fr
om
th
e
lo
we
r
la
ke
.
Al
l
tr
ib
ut
ar
y
an
d
po
in
t
so
ur
ce
s
do
wn
st
re
am
of
th
es
e
st
at
io
ns
ar
e
to
be
sa
mp
le
d
in
di
vi
du
al
ly
.
Th
e
to
ta
l
ou
tf
lo
w
wi
ll
be
ca
lc
ul
at
ed
as
th
e
su
m
of
al
l
th
e
lo
ad
s
me
as
ur
ed
.
Si
nc
e
th
e
vo
lu
me
of
co
nn
ec
ti
ng
ch
an
ne
l
fl
ow
is
ge
ne
ra
ll
y
mo
re
th
an
an
or
de
r
of
ma
gn
it
ud
e
gr
ea
te
r
th
an
th
e
tr
ib
ut
ar
y
an
d
po
in
t
so
ur
ce
in
fl
ow
to
th
e
co
nn
ec
ti
ng
ch
an
ne
l
(v
ar
yi
ng
sl
ow
ly
an
d
ge
ne
ra
ll
y
li
ne
ar
ly
,
ex
ce
pt
fo
r
th
e
st
ra
it
s)
,
fl
ow
me
as
ur
em
en
ts
an
d
sa
mp
le
s
ne
ed
on
ly
be
do
ne
se
mi
-m
on
th
ly
at
sp
ec
if
ic
co
nt
ro
l
st
at
io
ns
.
Ho
we
ve
r,
bo
at
s
wit
h
ade
qua
te
nav
iga
tio
nal
equ
ipm
ent
are
nee
ded
to
loc
ate
the
sam
pli
ng
sta
tio
n p
rec
ise
ly,
if
mat
eri
al
bal
anc
e
are
to
be
acc
ura
tel
y
det
erm
ine
d.
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 Whole Lake
The
lev
els
and
tre
nds
of
che
mic
al,
phy
sic
al,
and
bio
log
ica
l p
ara
met
ers
of
Gre
at
Lak
es
wat
er
qua
lit
y n
eed
to
be
det
erm
ine
d a
nd
rel
ate
d t
o e
utr
oph
i—
cat
ion
, e
mer
gin
g p
rob
lem
s a
nd
the
eff
ect
ive
nes
s o
f r
eme
dia
l p
rog
ram
s.
The
fat
e o
f t
he
inp
uts
(th
eir
ass
imi
lat
ion
,
dis
per
sio
n,
rea
cti
on,
and
ult
ima
te
dis
pos
iti
on)
mus
t b
e m
oni
tor
ed.
The
nea
rsh
ore
are
as
are
tho
se
tha
t a
ssi
mil
ate
all
the
tri
but
ary
and
poi
nt
sou
rce
inp
uts
and
in
tur
n
are
the
mos
t h
eav
ily
use
d b
y m
an
for
wat
er
sup
ply
, f
ish
ing
and
rec
rea
tio
n.
Und
ers
tan
din
g t
hei
r r
esu
lta
nt
qua
lit
y a
nd
int
era
cti
on
wit
h t
he
mai
n l
ake
is
cri
tic
al
to
the
dev
elo
pme
nt
of
rem
edi
al
pro
gra
ms.
The
mai
n l
ake
wat
er
has
the
mos
t u
nif
orm
qua
lit
y.
The
ref
ore
, m
ain
lak
e s
amp
lin
g w
ill
det
ect
pro
gre
ssi
ve
and
lon
g t
erm
cha
nge
s i
n w
ate
r q
ual
ity
tha
t m
igh
t b
e o
bsc
ure
d
by
the
poo
r a
nd
rap
idl
y v
ari
abl
e w
ate
r q
ual
ity
fou
nd
in
har
bor
s,
tri
but
ari
es
or
nea
r p
oin
t s
our
ces
.
Mon
ito
rin
g p
rog
ram
s
for
tox
ic
sub
sta
nce
s
(pe
sti
cid
es,
ind
ust
ria
l o
rga
nic
s a
nd
met
als
) a
re
sev
ere
ly
ham
per
ed
bec
aus
e m
ost
of
the
che
mic
als
of
con
cer
n a
re
bel
ow
ana
lyt
ica
l d
ete
cti
on
lim
its
in
wat
er,
par
-
tic
ula
rly
in
mai
n l
ake
wat
ers
.
Sin
ce
fis
h a
nd
wil
dli
fe
bio
acc
umu
lat
e m
any
of
the
se
tox
ic
pol
lut
ant
s t
o d
ete
cta
ble
and
fre
que
ntl
y h
arm
ful
lev
els
,
the
sur
vei
lla
nce
pro
gra
m w
ill
mon
ito
r c
ont
ami
nan
ts
in
fis
h a
nd
wil
dli
fe
to
det
erm
ine
the
lev
els
and
tre
nds
of
con
tam
ina
tio
n,
to
det
ect
eme
rgi
ng
pro
ble
ms,
to
eva
lua
te
the
eff
ect
ive
nes
s o
f r
egu
lat
ory
con
tro
ls,
and
to
hel
p g
uid
e r
ese
arc
h
on
the
pot
ent
ial
eff
ect
s o
f t
he
con
tam
ina
nts
on
the
bio
ta.
Nearshore Areas
As
th
e
re
ci
pi
en
t
of
al
l
tr
ib
ut
ar
y
an
d
po
in
t
so
ur
ce
lo
ad
in
gs
,
th
e
ne
ar
—
sh
or
e
ar
ea
s
bo
th
te
mp
or
al
ly
an
d
sp
at
ia
ll
y
ha
ve
hi
gh
ly
va
ri
ab
le
wa
te
r
qu
al
it
y.
Th
e
su
rv
ei
ll
an
ce
pr
og
ra
m
wi
ll
ad
dr
es
s
th
re
e
ne
ar
sh
or
e
ca
te
go
ri
es
:
ha
rb
or
s
an
d
em
ba
ym
en
ts
,
ge
ne
ra
l
ne
ar
sh
or
e
ar
ea
s,
an
d
Cl
ad
op
ho
ra
.
a)
Ha
rb
or
s
an
d
em
ba
ym
en
ts
ar
e
th
e
ar
ea
s
mo
st
af
fe
ct
ed
by
th
e
wa
st
e
so
ur
ce
s
to
th
e
Gr
ea
t
La
ke
s
an
d
in
cl
ud
e
th
e
ma
jo
ri
ty
of
pr
ob
le
m
ar
ea
s.
In
ad
di
ti
on
to
re
ce
iv
in
g
co
nt
in
uo
us
in
pu
t
fr
om
tr
ib
ut
ar
ie
s
an
d
po
in
t
so
ur
ce
s,
th
ey
ar
e
fr
e—
qu
en
tl
y
su
bj
ec
te
d
to
sp
il
ls
,
st
or
m
wa
te
r
ov
er
fl
ow
s,
an
d
ot
he
r
ty
pe
s
of
in
te
rm
it
te
nt
di
sc
ha
rg
es
.
Ad
di
ti
on
al
ly
,
la
ke
ti
de
an
d
st
or
m
ef
fe
ct
s
of
te
n
ca
us
e
st
ag
na
ti
on
in
th
e
ha
rb
or
s
an
d
em
ba
ym
en
ts
re
su
lt
in
g
in
wa
te
r
qu
al
it
y
de
gr
ad
at
io
n.
Th
er
ef
or
e,
se
le
ct
ed
st
at
io
ns
in
th
e
ha
rb
or
or
em
ba
ym
en
t
wi
ll
be
sa
mp
le
d
fo
r
a m
in
im
um
nu
mb
er
of
pa
ra
me
te
rs
so
th
at
Wa
te
r
Qu
al
it
y
Ob
je
ct
iv
e
vi
ol
at
io
ns
ca
n
be
do
cu
me
nt
ed
.
Be
nt
ho
s,
se
di
me
nt
an
d
fi
sh
sa
mp
le
s
al
so
wi
ll
be
co
ll
ec
te
d
to
de
te
rm
in
e
en
vi
ro
nm
en
ta
l
tr
en
ds
.
Wa
te
r
sa
mp
le
s
wi
ll
be
co
ll
ec
te
d
6
to
10
ti
me
s
an
nu
al
ly
in
se
le
ct
ed
ha
rb
or
s
an
d
ab
at
em
en
ts
in
an
ef
fo
rt
to
re
fl
ec
t
th
e
di
ff
er
en
t
fl
ow
re
gi
me
s
th
at
oc
cur
.
Se
di
me
nt
sa
mp
le
s
wi
ll
be
co
ll
ec
te
d
af
te
r
th
e
sp
ri
ng
ru
no
ff
to
ev
al
ua
te
th
e
po
ll
ut
an
t
le
ve
ls
in
th
e
ne
w
de
po
si
ti
on
s.
Fi
sh
wi
ll
be
sa
mp
le
d
at
le
as
t
on
ce
ea
ch
ye
ar
to
es
ta
bl
is
h
co
nt
am
in
an
t
le
ve
ls
in
lo
ca
l
fi
sh
po
pu
la
ti
on
s
an
d
to
ev
al
ua
te
ri
sk
s
to
hu
ma
n
he
al
th
.
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 b)
G
e
n
e
r
a
l
n
e
a
r
s
h
o
r
e
a
r
e
a
s
i
n
c
l
u
d
e
a
l
l
t
h
e
s
h
o
r
e
l
i
n
e
s
b
e
t
w
e
e
n
h
a
r
b
o
r
s
 
a
n
d
e
m
b
a
y
m
e
n
t
s
.
T
h
e
r
e
w
a
t
e
r
q
u
a
l
i
t
y
is
g
e
n
e
r
a
l
l
y
l
e
s
s
u
n
i
f
o
r
m
a
n
d
p
o
o
r
e
r
t
h
a
n
t
h
a
t
f
o
u
n
d
i
n
t
h
e
o
p
e
n
l
a
k
e
w
a
t
e
r
s
.
P
r
i
n
c
i
p
a
l
i
n
p
u
t
s
a
r
e
f
r
o
m
s
h
o
r
e
e
r
o
s
i
o
n
,
s
w
i
m
m
i
n
g
a
n
d
b
a
t
h
i
n
g
,
i
n
f
l
o
w
f
r
o
m
s
m
a
l
l
t
r
i
b
u
t
a
r
i
e
s
a
n
d
d
e
n
s
i
t
y
c
u
r
r
e
n
t
f
l
o
w
s
f
r
o
m
p
r
o
b
l
e
m
a
r
e
a
s
.
T
h
e
s
u
r
v
e
i
l
l
a
n
c
e
p
r
o
g
r
a
m
w
i
l
l
a
t
t
e
m
p
t
t
o
d
e
t
e
r
m
i
n
e
v
i
o
l
a
t
i
o
n
o
f
t
h
e
W
a
t
e
r
Q
u
a
l
i
t
y
O
b
j
e
c
t
i
v
e
s
,
p
a
r
t
i
c
u
l
a
r
l
y
t
h
o
s
e
r
e
l
a
t
i
n
g
to
p
u
b
l
i
c
h
e
a
l
t
h
.
F
u
r
t
h
e
r
,
t
h
e
p
r
o
g
r
a
m
w
i
l
l
p
r
o
v
i
d
e
a
n
a
s
s
e
s
s
m
e
n
t
of
s
h
o
r
e
l
i
n
e
e
r
o
s
i
o
n
i
n
p
u
t
to
t
h
e
G
r
e
a
t
L
a
k
e
s
a
n
d
g
e
n
e
r
a
l
n
o
n
p
o
i
n
t
s
o
u
r
c
e
l
o
a
d
i
n
g
s
f
r
o
m
s
m
a
l
l
t
r
i
b
u
t
a
r
i
e
s
.
T
h
e
e
f
f
e
c
t
s
o
f
s
h
o
r
e
l
i
n
e
e
r
o
s
i
o
n
a
n
d
n
o
n
p
o
i
n
t
s
o
u
r
c
e
i
n
p
u
t
s
o
n
w
a
t
e
r
q
u
a
l
i
t
y
w
i
l
l
b
e
e
s
t
i
m
a
t
e
d
a
n
n
u
a
l
l
y
u
s
i
n
g
r
e
m
o
t
e
s
e
n
s
i
n
g
(
s
a
t
e
l
l
i
t
e
p
h
o
t
o
s
)
,
w
e
a
t
h
e
r
i
n
f
o
r
m
a
t
i
o
n
a
n
d
s
e
l
e
c
t
e
d
s
a
m
p
l
i
n
g
.
If
m
o
r
e
d
e
t
a
i
l
e
d
i
n
v
e
s
t
i
g
a
t
i
o
n
s
of
n
e
a
r
s
h
o
r
e
w
a
t
e
r
q
u
a
l
i
t
y
a
r
e
n
e
e
d
e
d
,
t
h
e
y
w
i
l
l
b
e
d
o
n
e
d
u
r
i
n
g
t
h
e
i
n
t
e
n
s
i
v
e
s
u
r
v
e
y
y
e
a
r
f
o
r
t
h
a
t
l
a
k
e
.
c)
C
l
a
d
o
p
h
o
r
a
g
r
o
w
t
h
s
,
t
h
e
i
r
b
i
o
m
a
s
s
a
n
d
a
r
e
a
l
e
x
t
e
n
t
w
i
l
l
b
e
d
e
t
e
r
m
i
n
e
d
e
a
c
h
ye
a
r
.
R
e
m
o
t
e
s
e
n
s
i
n
g
f
r
o
m
a
i
r
c
r
a
f
t
w
i
l
l
b
e
t
h
e
p
r
i
m
a
r
y
m
e
a
n
s
of
s
u
r
-
v
e
i
l
l
a
n
c
e
.
T
h
e
s
h
o
r
e
l
i
n
e
s
w
h
e
r
e
C
l
a
d
o
p
h
o
r
a
m
a
y
o
c
c
u
r
w
i
l
l
b
e
f
l
o
w
n
a
n
d
a
e
r
i
a
l
p
h
o
t
o
g
r
a
p
h
y
an
d
r
e
m
o
t
e
s
e
n
s
i
n
g
us
ed
to
a
s
c
e
r
t
a
i
n
th
e
e
xt
e
n
t
of
gr
ow
th
s.
S
a
m
p
l
e
s
w
i
l
l
b
e
c
o
l
l
e
c
t
e
d
at
s
p
e
c
i
f
i
c
l
o
c
a
t
i
o
n
s
f
o
r
a
c
t
u
a
l
d
e
t
e
r
m
i
n
a
t
i
o
n
s
of
b
i
o
m
a
s
s
to
p
r
o
v
i
d
e
g
r
o
u
n
d
t
r
u
t
h
c
a
l
i
b
r
a
t
i
o
n
f
o
r
t
h
e
r
e
m
o
t
e
s
e
n
s
i
n
g
m
e
a
s
u
r
e
m
e
n
t
s
.
MA
IN
LA
KE
(o
pe
n
wa
te
r)
Ma
in
la
ke
su
rv
ei
ll
an
ce
is
pa
rt
ic
ul
ar
ly
im
po
rt
an
t
to
un
de
rs
ta
nd
in
g
th
e
ov
er
al
l,
lo
ng
r
a
n
g
e
r
e
s
p
o
n
s
e
of
th
e
la
ke
s
to
r
e
m
e
d
i
a
l
p
r
o
g
r
a
m
s
an
d
r
e
c
o
g
n
i
z
i
n
g
th
e
i
n
t
r
o
d
uc
t
i
o
n
of
n
e
w
s
o
ur
c
e
s
or
ty
pe
s
of
co
nt
am
in
an
ts
.
Th
is
pa
rt
of
th
e
sy
st
em
,
ho
we
ve
r,
is
m
o
s
t
d
i
f
f
i
c
ul
t
an
d
e
xp
e
n
s
i
ve
to
sa
mp
le
,
s
i
n
c
e
it
r
e
q
ui
r
e
s
e
q
ui
p
m
e
n
t
s
i
m
i
l
a
r
to
th
at
us
e
d
fo
r
o
c
e
a
n
o
g
r
a
p
h
i
c
wo
rk
.
C
h
a
n
g
e
s
in
th
e
wa
t
e
r
qu
al
it
y,
b
i
o
t
a
or
s
e
d
i
m
e
n
t
s
ar
e
g
e
n
e
r
a
l
l
y
ve
r
y
s
l
o
w
an
d
su
bt
le
,
an
d
c
a
n
n
o
t
b
e
a
c
c
ur
a
t
e
l
y
a
s
s
e
s
s
e
d
on
an
a
n
n
ua
l
ba
si
s.
Th
e
m
a
s
k
i
n
g
e
f
f
e
c
t
of
w
e
a
t
h
e
r
fu
rt
he
r
c
o
m
p
l
i
c
a
t
e
s
a
c
c
ur
a
t
e
m
e
a
s
ur
e
m
e
n
t
s
.
Ho
we
ve
r,
th
er
e
is
a
n
e
e
d
to
de
te
rm
in
e
as
ac
cu
ra
te
ly
as
po
ss
ib
le
th
e
le
ve
ls
an
d
tr
en
ds
of
th
e
ch
em
ic
al
,
ph
ys
ic
al
an
d
bi
ol
og
ic
al
co
ns
ti
tu
en
ts
of
wa
te
r
qu
al
it
y
in
th
e
op
en
wa
te
rs
an
d
th
ei
r
re
la
ti
on
to
ou
r
ab
at
em
en
t
an
d
pr
es
er
va
ti
on
ef
fo
rt
s.
Th
e
ma
in
la
ke
su
rv
ei
ll
an
ce
pr
og
ra
m
is
di
vi
de
d
in
to
an
an
nu
al
an
d
cy
cl
ic
al
in
te
ns
iv
e
su
rv
ey
pr
og
ra
m.
Be
ca
us
e
of
th
ei
r
do
cu
me
nt
ed
wa
te
r
qu
al
it
y
st
re
ss
es
an
d
th
e
ne
ed
to
me
as
ur
e
th
e
pr
og
re
ss
of
th
e
in
te
ns
iv
e
ab
at
em
en
t
pr
og
ra
ms
no
w
un
de
rw
ay
,
an
nu
al
pr
og
ra
ms
ar
e
pl
an
ne
d
fo
r
la
ke
s
Er
ie
an
d
On
ta
ri
o.
Wa
te
r
sa
mp
le
s
ar
e
co
ll
ec
te
d
8
to
10
ti
me
s
an
nu
al
ly
at
50
to
10
0
st
at
io
ns
to
pr
ov
id
e
an
an
nu
al
as
se
ss
me
nt
of
ke
y
eu
tr
op
hi
ca
ti
on
re
la
te
d
pa
ra
me
te
rs
in
th
os
e
la
ke
s.
An
nu
al
tr
en
ds
ar
e
ev
al
ua
te
d
an
d
ne
ed
s
fo
r
mo
re
in
te
ns
iv
e
su
rv
ei
ll
an
ce
ar
e
id
en
ti
fi
ed
fo
r
in
co
rp
or
at
io
n
in
to
th
e
lo
ng
te
rm
su
rv
ei
ll
an
ce
pr
og
ra
m.
Th
e
in
te
ns
iv
e
su
rv
ey
pr
og
ra
m
is
a
la
rg
e
sc
al
e,
mu
lt
i-
pa
ra
me
te
r
ef
fo
rt
to
pr
ov
id
e
a
co
mp
le
te
as
se
ss
me
nt
of
th
e
ma
in
la
ke
wa
te
r
qu
al
it
y.
Th
e
pr
in
ci
pa
l
ob
je
ct
iv
e
is
to
de
te
rm
in
e
tr
en
ds
wh
il
e
ga
th
er
in
g
in
fo
rm
at
io
n
fo
r
co
ro
ll
ar
y
120
 act
ivi
tie
s
suc
h a
s r
ese
arc
h a
nd
mod
el
dev
elo
pme
nt.
To
col
lec
t t
he
dat
a
bas
e n
eed
ed
to
sci
ent
ifi
cal
ly
des
cri
be
one
of
the
Gre
at
Lak
es,
the
min
imu
m
lev
el
of
eff
ort
wil
l i
nvo
lve
mul
ti—
dep
th
sam
pli
ng
at
100
to
300
sta
tio
ns,
dep
end
ing
on
the
siz
e o
f t
he
lake
.
Eac
h s
tat
ion
sho
uld
be
sam
ple
d a
s
fre
que
ntl
y a
s p
oss
ibl
e (
at
lea
st
bi—
wee
kly
) s
tar
tin
g b
efo
re
the
spr
ing
ove
rtu
rn
and
con
tin
uin
g a
fte
r t
he
fal
l O
ver
tur
n.
Par
ame
ter
cov
era
ge
for
eac
h o
f t
he
Gre
at
Lak
es
sho
uld
inc
lud
e:
all
wat
er
qua
lit
y o
bje
cti
ves
;
any
oth
er
tra
ce
met
al
or
org
ani
c c
omp
oun
ds
of
con
cer
n;
and
all
oth
er
phys
ical
, b
iolo
gica
l an
d ch
emic
al p
aram
eter
s ne
eded
to e
valu
ate
the
over
-
all
wate
r qu
alit
y,
incl
udin
g se
dime
nt a
nd a
quat
ic l
ife
cont
amin
atio
n.
The
pre
sen
t d
ata
bas
e i
n t
he
Gre
at
Lak
es
con
tai
ns
onl
y o
ne
int
ens
ive
sur
vey
on
eac
h o
f t
he
lak
es.
Thus
, t
he
cyc
le
app
rop
ria
te
for
val
id
mea
sur
e—
men
t o
f l
ong
ter
m t
ren
ds
can
not
be
est
abl
ish
ed
at
thi
s t
ime.
How
eve
r,
the
cyc
le
can
be
dev
elo
ped
bas
ed
upo
n t
he
oth
er
con
tro
lli
ng
fac
tor
s
(i.
e.
the
need for adequately sized oceanographic vessels).
Man
y o
f t
he
mea
sur
eme
nts
mad
e o
n t
he
Gre
at
Lak
es
are
ext
rem
ely
tim
e—
dep
end
ent
and
ana
lys
es
mus
t b
e d
one
as
soo
n a
s p
oss
ibl
e a
fte
r t
he
sam
ple
is
col
lec
ted
.
Unt
il
thi
s r
equ
ire
men
t
can
be
ove
rco
me,
it
is
nec
ess
ary
to
pro
vid
e f
loa
tin
g l
abo
rat
ori
es
wit
h s
cie
nti
fic
sta
ff
for
the
sur
vei
lla
nce
pro
gra
m.
In
add
iti
on,
per
son
al
saf
ety
man
dat
es
tha
t v
ess
els
use
d i
n s
amp
lin
g
the
mai
n l
ake
s s
hou
ld
be
lar
ge
eno
ugh
to
wit
hst
and
the
sud
den
sto
rms
and
rou
gh
sea
s t
hat
oft
en
occ
ur.
Two
suc
h v
ess
els
are
aro
und
whi
ch
the
int
ens
ive
sur
vey
sch
edu
le
is
pla
nne
d a
re
per
man
ent
ly
sta
tio
ned
on
the
Gre
at
Lak
es,
one
ope
rat
ed
by
Env
iro
nme
nt
Can
ada
and
one
by
the
U.S
.
EPA
.
The
siz
e o
f l
ake
s H
uro
n a
nd
Sup
eri
or
and
Mic
hig
an
req
uir
e t
he
use
of
two
oce
ano
gra
phi
c v
ess
els
to
com
ple
te
the
nee
ded
int
ens
ive
sur
vey
sam
pli
ng.
Lak
es
Eri
e a
nd
Ont
ari
o c
an
be
sur
vey
ed
wit
h
one
shi
p.
Two
con
sec
uti
ve
yea
rs
of
int
ens
ive
sur
vey
dat
a a
re
nec
ess
ary
on
lak
es
Eri
e,
Ont
ari
o a
nd
Mic
hig
an
bec
aus
e
the
y
are
the
mos
t
hea
vil
y
str
ess
ed
and
the
res
ult
s
fro
m a
ny
one
int
ens
ive
sur
vey
- y
ear
cou
ld
ref
lec
t
hig
hly
abn
orm
al
con
dit
ion
s
and
con
seq
uen
tly
,
ina
ccu
rat
e
tre
nds
.
Lak
es
Hur
on
and
Sup
eri
or
nee
d o
nly
a o
ne
yea
r
int
ens
ive
sur
vey
sin
ce
the
y a
re
les
s s
tre
sse
d
and
the
y
exp
eri
enc
e
sma
lle
r a
nnu
al
var
iat
ion
s
tha
n
the
oth
er
thr
ee.
The
int
ens
ive
sur
vey
sch
edu
le
des
ign
ed
to
mee
t
the
nee
ds
of
the
lak
es
is
sho
wn
in Figure 4:1.
Re
co
gn
iz
in
g
th
at
th
is
sc
he
du
le
is
no
t
ba
se
d
on
pr
ov
en
sc
ie
nt
if
ic
ne
ed
s,
mod
ifi
cat
ion
s a
re
pla
nne
d a
s s
ets
of
int
ens
ive
sur
vey
dat
a b
eco
me
ava
ila
ble
.
Ho
we
ve
r,
it
is
an
ti
ci
pa
te
d
th
at
at
le
as
t
two
it
er
at
io
ns
of
th
e
cy
cl
e
wi
ll
be
nec
ess
ary
to
all
ow
sci
ent
ifi
cal
ly
val
id
ana
lys
is
of
wat
er
qua
lit
y
tre
nds
.
Th
us
th
is
sc
he
du
le
sh
ou
ld
ho
ld
un
ti
l
199
3.
In
th
e
in
te
ri
m,
te
ch
no
lo
gi
ca
l
ad
va
nc
es
in
sa
mp
le
co
ll
ec
ti
on
,
an
al
ys
es
,
an
d
pr
es
er
va
ti
on
ar
e
ne
ed
ed
so
th
at
th
e
la
rg
e
re
so
ur
ce
co
mm
it
me
nt
s
ne
ce
ss
ar
y
fo
r
ma
in
la
ke
in
te
ns
iv
e
su
rv
ey
s
ca
n
be
re
du
ce
d
as
ou
r
ab
il
it
y
to
ac
cu
ra
te
ly
as
se
ss
pr
es
en
t
wa
te
r
qu
al
it
y
co
nd
it
io
ns
an
d
pr
ed
ic
t
fu
tu
re
ch
an
ge
s
is
im
pr
ov
ed
.
lZl
 
 FIGURE 4:1
PR
OP
OS
ED
GR
EA
T
LA
KE
S
SU
RV
EI
LL
AN
CE
IN
TE
NS
IV
E
SC
HE
DU
LE
*
Design Component
1976 '77 '78 '79
'80 '81 '82 '83 '84 '85 '86
Main Lake — Intensive
Lake Michigan
Lake Erie
Lake Huron
Lake Ontario
Lake Superior
Ne
ar
sh
or
e/
Pr
ob
le
m
Ar
ea
s
—
In
te
ns
iv
e
Lake Michigan
Lake Erie
Lake Huron
Lake Ontario
Lake Superior
Co
nn
ec
ti
ng
Ch
an
ne
l
—
In
te
ns
iv
e
St. Lawrence
Niagara
Detroit
St. Clair
St. Marys
Lake St. Clair
  
*A
nn
ua
l
pr
og
ra
ms
re
qu
ir
ed
to
ad
dr
es
s
sp
ec
if
ic
pr
ob
le
ms
ar
e
pa
rt
of
th
e
sc
he
du
le
.
122
  
 Fish Contaminants
Duri
ng t
he p
ast
50 y
ears
, t
he f
ishe
ries
of t
he G
reat
Lake
s ha
ve e
xhib
ited
dram
atic
chan
ges
in s
truc
ture
and
abun
danc
e.
Expl
oita
tion
, pr
edat
ion
by
sea
lam
pre
y,
int
rod
uct
ion
of
exo
tic
spe
cie
s,
eut
rop
hic
ati
on,
and
dir
ect
pol
lut
ion
stre
sses
have
all
been
cite
d as
cont
ribu
ting
to t
he o
bser
ved
chan
ges
and
dec
lin
es.
The
ade
qua
cy
of
Gre
at
Lak
es
wat
er
qua
lit
y f
or
the
mai
nte
nan
ce
and
reh
abi
lit
ati
on
of
the
fis
her
y r
eso
urc
es
can
not
be
ass
ess
ed
unt
il
the
rel
ati
ve
rol
e e
ach
of
the
man
y s
tre
sse
s p
lay
in
aff
ect
ing
fis
h s
toc
ks
can
be
iso
lat
ed.
Bas
ic
to
thi
s u
nde
rst
and
ing
are
kno
wle
dge
of
the
sta
tus
of
fis
h s
toc
ks
and
the
deg
ree
of
exp
loi
tat
ion
(spo
rt
and
com
mer
cia
l),
pre
dat
ion
by
lam
pre
y,
and
com
pet
iti
on
fro
m e
xot
ic
spe
cie
s.
Thi
s i
nfo
rma
tio
n i
s g
ath
ere
d o
n a
con
tin
uin
g b
asi
s b
y f
ish
and
wil
dli
fe
age
nci
es
of
the
app
rop
ria
te
jur
isd
ict
ion
s
wit
h c
oor
din
ati
on
by
the
Gre
at
Lak
es
Fis
her
y C
omm
iss
ion
.
Of
inc
rea
sin
g i
mpa
ct
and
con
cer
n i
n r
ece
nt
yea
rs
is
the
pro
ble
m o
f
con
tam
ina
tio
n o
f t
he
fis
her
y r
eso
urc
es
by
tox
ic
sub
sta
nce
s t
hat
aff
ect
not
onl
y t
he
uti
liz
ati
on
of
the
se
res
our
ces
as
foo
d f
or
man
and
ani
mal
s,
but
pos
sib
ly
als
o t
he
gro
wth
,
rep
rod
uct
ion
,
sur
viv
al,
and
lon
g-t
erm
pot
ent
ial
of
the
fis
h a
nd
fis
her
ies
.
The
sur
vei
lla
nce
pro
gra
m w
ill
mon
ito
r
the
lev
el
of
the
se
con
tam
ina
nts
in
var
iou
s
fis
h
pop
ula
tio
ns
to
aid
in
the
eva
lua
tio
n
of
pot
ent
ial
har
m
to
the
fis
her
y
res
our
ces
,
the
ris
k
to
hum
an
and
ani
mal
con
sum
ers
of
the
fis
h,
the
sta
tus
of
Gre
at
Lak
es
wat
er
qua
lit
y,
and
the
effectiveness of remedial programs.
Th
e
fi
sh
su
rv
ei
ll
an
ce
pr
og
ra
m
is
di
vi
de
d
in
to
ma
in
la
ke
an
d
ne
ar
sh
or
e
co
ll
ec
ti
on
an
d
an
al
ys
is
.
Th
e
ma
in
la
ke
pr
og
ra
ms
co
ns
is
t
of
22
st
at
io
ns
,
fou
r
in
eac
h o
f
the
Gre
at
Lak
es
and
two
in
Lak
e S
t.
Cla
ir;
nin
e
in
the
U.S
.
an
d
Ca
na
da
.
An
ad
di
ti
on
al
fo
ur
U.S
.
st
at
io
ns
ar
e
on
La
ke
Mi
ch
ig
an
.
At
ea
ch
st
at
io
n
two
sp
ec
ie
s
wi
ll
be
co
ll
ec
te
d
an
nu
al
ly
in
th
e
fal
l.
Th
e
pr
ef
er
re
d
sp
ec
ie
s
ar
e
sm
el
t
an
d
la
ke
tr
ou
t
wi
th
wa
ll
ey
e
as
an
al
te
rn
at
e
fo
r
la
ke
tr
ou
t.
Th
re
e
si
ze
ra
ng
es
wi
ll
be
co
ll
ec
te
d
fo
r
ea
ch
sp
ec
ie
s
wi
th
a
mi
ni
mu
m
of
25
fi
sh
pe
r
si
ze
ra
ng
e.
Th
e
sa
mp
le
s
wi
ll
be
ho
mo
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ra
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c
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pa
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at
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c
ve
ge
ta
ti
on
an
d
th
e
im
pa
ct
on
th
e
vi
ab
il
it
y,
pr
od
uc
ti
vi
ty
an
d
ed
ib
il
it
y
of
th
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ra
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c
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d
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ra
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d
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ra
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INPUTS section earlier.
WATER INTAKES
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ra
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d
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e
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d
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In
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e
al
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ef
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e
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g
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as
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wa
te
r
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it
y
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iat
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lua
tio
n
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amb
ien
t
lak
e r
esp
ons
e
to
aba
tem
ent
pro
gra
ms,
in
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erm
ini
ng
the
eff
ect
of
ext
rem
e w
ate
r
lev
els
on
qua
lit
y,
and
in
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erv
ing
wat
er
tra
nsp
ort
phe
nom
ena
suc
h a
s u
pwe
lli
ng.
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sur
—
vei
lla
nce
pla
n f
or
wat
er
int
ake
s
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uir
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a d
ail
y v
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me
mea
sur
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nt
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wat
er
wit
hdr
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wat
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y a
nal
yse
s r
equ
ire
d a
re
tho
se
che
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al
and
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ica
l
par
ame
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s
rel
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d
to
pub
lic
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lth
suc
h
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pH,
tot
al
dis
sol
ved
sol
ids
,
fec
al
col
ifo
rm,
iro
n,
pes
tic
ide
s,
etc
.
The
fre
que
ncy
of
ana
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es
dep
end
s u
pon
the
his
tor
y o
f t
he
int
ake
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Wat
er
sam
ple
s f
rom
in—
tak
es
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y d
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y c
urr
ent
s,
upw
ell
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etc
.,
sho
uld
be
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kly
for
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e p
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lth
par
ame
ter
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Wat
er
sam
ple
s f
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ake
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e t
her
e i
s l
itt
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at
lea
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Sam
ple
s
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o s
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and
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dur
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ell
ing
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All
wat
er
int
ake
s
des
ign
ate
d a
s p
art
of
the
sur
vei
lla
nce
pla
n w
ill
hav
e a
t l
eas
t s
emi
—an
nua
l
analyses during the summer and winter to qualify and quantify the metals,
organics, nutrients, etc., present in the water being withdrawn.
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OUTLETS
The
sur
vei
lla
nce
pla
n f
or
out
let
s i
s s
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to
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t f
or
tri
but
ari
es.
Dai
ly
flo
w m
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are
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uir
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to
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e a
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nnu
al
out
flo
w e
sti
mat
e
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hin
10
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t o
f t
he
act
ual
val
ue.
Sin
ce
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wat
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qua
lit
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—
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usu
all
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nif
orm
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i—m
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lit
y s
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s s
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g t
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Gre
at
Lak
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f
con
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nts
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sel
ect
ed
met
als
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org
ani
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t a
re
or
may
be
causing environmental damage to the Great Lakes.
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ra
to
ry
or
ag
en
cy
mu
st
de
fi
ne
an
d
es
ta
bl
is
h
in
co
op
er
at
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ra
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d
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r
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at
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.
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ra
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ra
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y
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ra
ct
io
n,
th
e
Su
bc
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ee
co
ns
id
er
s
fi
ve
sp
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 (1)
Dev
elo
p a
nd
imp
lem
ent
met
hod
s f
or
con
duc
tin
g i
nte
r—l
abo
rat
ory
comparisons and evaluating their results.
(2) Define the minimum acceptable intra—laboratory quality
control program required for support of the IJC Surveillance
Program and monitor laboratory compliance.
(3) Document and evaluate the suitability of various procedures
used by each laboratory for each test and provide full
information on the analytical characteristics.
(4) Develop field sampling and handling protocols.
(5) Establish and define uniform constituent nomenclature and
reporting units.
PLAN IMPLEMENTATION
The resources required for all surveillance activitiesother than com—
pliance monitoring are presented in Table 4:3. The resources required for
compliance monitoring have been deleted because that program, while supportive
of the Water Quality Agreement, is not related to the Agreement for funding.
The column titled "Actual 1976" is the amounts reported in the 1975
Appendix B less the amounts spent on compliance monitoring. The column
titled "Actual 1977" is the committed funds discussed in Chapter 3. This
amount does not include tributary monitoring for other than measuring inputs.
The column titled, "Proposed 1978", is the amounts requested by the responsible
agencies from their funding authorities. The average annualcosts 1979-86
(GLISP - Great Lakes International Surveillance Plan) are taken from the 1975
Appendix B, less funds required for compliance monitoring. The last column
indicates the "new" money required. The first sampling year for which the
surveillance program could be fully funded by the governments is 1979.
TABLE 4:3
ANNUAL SURVEILLANCE EXPENDITURES
(Thousands of Dollars)
   
c) c) Additional
Actual Actual Projected Proposed Funds
1976 1977 1978 GLISP (78—86) Required (79-86)
Canada 4042 4363a) 4363 5897 1534
U. s. 3205 2658a) 5805 8820 3015b)
Total 7247 7021‘” 10,168 14,717 4549
a) does not include tributary monitoring for other than measuring inputs.
i.e. - municipal, industrial
b) in the U.S. Majority of the funds required are at the state level
c) expressed in 1976 dollars
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 The degree to which the proposed surveillance plan is implemented
obviously depends on the resources provided by the two Governments. In
addition, the dissimilar fiscal years (some start on April 1, some on July 1
and some on October 1) and the differences in budget cycles (some states
have two—year cycles) can make it extremely difficult to maintain a uniform
cohesive surveillanceprogram. In order to provide uniformity, it is
recommended that the Federal Governments preauthorize and obligate funding
for this entire surveillance program for at least five years of future
operations. Notwithstanding this long term obligation, annual review and
appropriate funding adjustments would be made as a part of the implemen—
tation process.
The implementation process which was developed in 1975 is essential
to assure that the surveillance plan remains current and that best use
is made of the funds provided. While long term funding would provide
continuity, a continuing dialogue between the funding agencies and IJC
committees and quick and continued response to the various steps of the
implementation process are also necessary to ensure that revisions to the
surveillance plan can be approved and implemented at the onset of the
sampling season.
The IJC Regional Office will be required to support the Surveillance
Subcommittee in attaining a timely surveillance program by documenting
and publishing the detailed surveillance plans, updating the existing
plans and documenting the results of the follow-up workshops.
SUMMARY
The above discussion is intended to provide the rationale and general
surveillance program for the Great Lakes for use by the International Joint
Commission and managers of environmental and nature resource agencies.
Specific surveillance plans that include details such as sampling station
locations, parameter, frequency and responsible agencies will be published
for each lake for use by the technical and scientific programs personnel in
their annual work plans. The net result will be a uniform, coordinated data
base for examining progress toward achieving the goals of the Water Quality
Agreement and predicting the future demands and protection requirements for
the Great Lakes.
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